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We believe the effects of ORT HOCIDE on improving the storage keeping 
qualities of fruit merit expanded research during 1955 eevee 


Continuing test work in 1954 with ORTHOCIDE on fruits—together with reports from com- 
mercial growers—point to impressive profit gains for the grower through greatly improved 
keeping qualities. A growing number of grower reports show ORTHOCIDE’S beneficial effects 
on storage and transit keeping qualities of apples, peaches, cherries and strawberries. 


Peaches from New Jersey test plot, shown 
after 23 days in cold storage. 100% of the 
untreated peaches had rotted; 47% of the 
sulfur-sprayed peaches had rotted; but all 
of the ORTHOCIDE-treated peaches were 
clean and free of rot. After an additional 8 
days at room temperature, all of the sulfur- 
treated peaches had rotted; but 50% of the 
ORTHOCIDE-treated crop was still saleable. 
We feel that ORTHOCIDE’S control of 
Brown Rot is of real importance, because in 
transit, in storage, in the retail and the con- 
sumers’ possession—Brown Rot losses run 
unbelievably high. 





ORTHOCIDE has also demonstrated effec- 

tive field control of various diseases in tests 

and commercial trials on other fruits... . 

Cherries . . . Brown Rot and Leaf Spot 

Strawberries . . . Botrytis Rot 

Apples . . . Scab, Sooty Blotch and Brooks 
Fruit Spot 

Citrus . . . Brown Rot 


Extension, state experiment station and 
grower reports on these fruits are available 
to you upon request. 





Suggestions in answer to technical questions concerning ORTHOCIDE on storage rots and 
om qualities may be obtained by addressing inquiries originating in the 11 Western states 
to ompson .... in the Mid-west and East to Dr. Reed. 


Dr. T. W. Reep Dr. R. K. Toompson 

Eilts Secpthonical Gon Ccivfornia ‘Spray-Chernical Corp. 
pra emic orp. ifornia Spray- 

Kresson Road Lucas and ORTHO Way 

Haddonfield, New Jersey Richmond, California 


It is indeed hoped that you will see fit to consider ORTHOCIDE 50 Wettable in your various 
research studies, exploring this and other fields that you may consider of merit. 


Cordially yours, 


ORTHO Leo R. GARDNER, 
ERT. Manager Research & Development 


TMS ORTHOCIDE, ORTHO, REG. U.S. PAT. OFF. 
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LEO ROY TEHON, 


..<. 


Leo Roy Tehon, Botanist and Head of the Section 
of Applied Botany and Plant Pathology, Illinois Nat- 
ural History Survey, Urbana, Illinois, died October 17, 
1954, at the age of 59. 

The son of Patrick John and Bertha May (Whittier) 
Tehon, Dr. Tehon was born in Dumont, South Dakota, 
June 21, 1895. He obtained his early schooling in 
Sturgis and Deadwood, South Dakota; Fremont, Ne- 
braska; and Sheridan, Wyoming. He 
A.B. degree in 1916 from the University of Wyoming, 
his M.A. degree in 1920 and his Ph.D. degree in 1934, 
from the University of Illinois. 

Dr. Tehon was Assistant in Botany at the Univer- 
sity of Wyoming in 1915-16 and at the University of 
Illinois in 1916-17 and 1924-25. He taught botany at 
Arsenal Technical High School, Indianapolis, Indiana, 
in 1917-18. During 1918-19 he was in the United States 
Army. He was Illinois State Leader in barberry eradi- 
cation in 1919-20 and 1921-22. He spent 1920-21 with 
the Mount Arbor Nurseries, Shenandoah, Iowa. He 
joined the staff of the Illinois Natural History Survey 
in 1921 as Botanist in charge of the Botanical Section 
and became Head of the Section of Applied Botany and 
Plant Pathology in 1935. He was Acting Chief of the 
Survey in 1945-47. He became a collaborator with the 
United States Department of Agriculture Plant Dis- 
ease Survey in 192] and was Consulting Plant Pa- 
thologist for the Davey Tree Expert Company in 1934- 
12. He was appointed Professor of Plant Pathology 
of the Graduate College, University of Illinois, in 1947 


received his 


and became a member of the Graduate College com- 
mittee on Graduate Plant Pathology Curriculum in 
1948. Dr. Tehon was a member of the Central States 
Forestry Congress in 1933 and of the Technical Com- 
mittee of the National Oak Wilt Research Committee 
from 1949 to the time of his death. 

He was a fellow of the American Association for the 
Advancement of Science, a charter member of the 
Mycological Society of America and a member of the 
Botanical Society of America, the Torrey Botanical 
Club, the Ecological Society of America, the Ameri- 
can Phytopathological Society, the American Biologi- 
cal Society, the American Forestry Association, the 
National Shade Tree Conference (executive committee 
1944-52), the Midwestern Chapter of the National 
Shade Tree Conference (vice-president 1953-54, presi- 
dent 1954-55), the Illinois State Academy of Science 
(secretary 1943-46, president 1946-47), the Illinois 
State Nurserymen’s Association (honorary), the Amer- 
ican Legion, Phi Beta Kappa, and Sigma Xi. 

His special interests were in mycology, plant pa- 
thology, and taxonomy. He was the author of more 
than 80 scientific articles and named over 150 new 
species of fungi. His work on fungi includes a Mono- 
graphic Rearrangement of Lophodermium and New 
Species and Taxonomic Changes in the Hypodermata- 
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ceae. He also wrote Native and Naturalized Trees of 
Illinois (with Robert B. Miller), Field Book of Na- 
tive Illinois Shrubs, Drug Plants of Illinois, and IlIli- 
Plants Livestock. He translated 
Targioni-Tozzetti’s Alimurgia, part 5, 1767, which was 
published as Phytopathological Classic Number 9. 

On April 13, 1918, Dr. Tehon married Mary Viola 
Bruner of Mattoon, Illinois, who preceded him in 
death on May 5, 1953. 

Dr. Tehon had a rare ability for effectively organiz- 
ing research and analyzing the results obtained. Dr. 
Harlow B. Mills, Chief, Illinois Natural History Sur- 
vey, characterized Dr. Tehon as “a scholar and a scien- 
tist of the highest quality. He was indefatigable and 
meticulous in all of his work, and his research was 
carried on with an unusual degree of care and ex- 
actitude. Not only was he a respected botanist; he 
was statistician and a linguist. His passing is a great 
loss to the Natural History Survey and, more broadly, 
to the scientific field in which he worked.” 
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ACERIA TULIPAE KEIFER (ACARINA: ERIOPHYIDAE) IN RELATION TO 
THE SPREAD OF WHEAT STREAK MOSAIC! 


John T. 


Slvkhuis 7 


SUMMARY 


The eriophyid mite Aceria tulipae Keifer was 
proved an efficient vector of wheat streak mosaic 


virus (Marmor virgatum McK Evidence was 


obtained that this mite often carries an additional 
factor possibly a virus that also causes severe 
chlorosis, necrosis. and stunting of wheat. Unlike 
wheat streak mosaic virus, this factor has not been 


transmitted manually. The mites themselves caused 


a longitudinal rolling of wheat leaves but they did 


not cause chlorosis unless they became numerous. 

When A. tulipae was reared on diseased wheat, 
all stages except the eggs carried wheat streak 
mosaic virus. Nymphs could acquire the virus, but 
the older adults could not. The virus persisted in 
the vector for at least 6 days. 

Wind was shown to be a major factor in the 
dispersal of A. tulipae and hence of wheat streak 
mosaic virus. 

A. tulipae transmitted wheat streak mosaic virus 
to the species of wild and cultivated grasses that 
were readily infected by manual inoculation. Corn 
and several species of wild millets were more readily 
infected with the virus by mite transmission than 
by manual inoculation. Although the mites could 
be reared on barley, rye, and several wild annual 
grasses, wheat was the most favorable host tested. 


The mites were also reared on the perennial grasses 
Poa compressa L. and Oryzopsis hymenoides (Roem. 
& Schult.) Ricker, both of which can be infected 
with the virus. Although A. tulipae was found in 
nature on Hordeum jubatum L., Agropyron smithii 
Rydb., and Elymus canadensis L., attempts to reat 
mites from these grasses on wheat were unsuccess- 
ful. Similarly, attempts to rear mites from wheat 
on these grasses failed. 

All stages of A. tulipae survived the winter on 
winter wheat. The mites survived lower tempera- 
tures than hardy varieties of winter wheat arti- 
ficially hardened and exposed to various subfreezing 
temperatures in temperature-controlled rooms. 

Experiments and observations have indicated that 
mite infestations, and hence the danger of streak 
mosaic infection, can be eliminated by destroying 
infested living wheat plants by cultivation. How- 
ever, mites survived long enough on infested leaves 
buried in or placed on the surface of soil to infest 
wheat seeded 6 days later. Since the mites soon 
perished on leaves that became desiccated or 
partially decomposed, the rate at which the mites 
were eliminated was influenced by temperature and 
moisture conditions in the soil. 





The discovery of an eriophyid mite on wheat and 
the demonstration of its ability to transmit wheat 
streak mosaic virus (Marmor virgatum McK.) were 
reported earlier (13). Workers in Nebraska, Kansas. 
and Oklahoma have since found the same species of 
mite and have verified its function as a vector of 
wheat streak mosaic in their areas*. Eriophyid mites 
collected from wheat in various areas where wheat 
streak mosaic occurs have been identified as Aceria 
tulipae Keifer. 

Amos et al (1) and Massee (5. 6) reported that 
Nal. transmitted “‘Rever- 
sion,” a destructive disease of black currants. There 


Eriophyes ribis (Westw.) 


is evidence that “Reversion” is caused by a virus and 
if so this is the only previous instance recorded in 


) 


1 Accepted for publication October 20, 1954. 

Contribution No. 1406 from the Botany and Plant Pathol- 
ogy Division, Science Service, Canada Department of Agri- 
culture, Ottawa, Ontario. 

2Plant Pathologist, Plant Pathology Laboratory, Leth- 
bridge, Alberta, Canada. 

The writer is indebted to Dr. H. H. Keifer, California 
Department of Agriculture, Sacramento, California, for 
identifying mites collected on wheat and wild grasses. He 
is also indebted to J. E. Moffatt for technical assistance in 
designing cages for the mites, and to Dr. M. W. Cormack 
for many helpful suggestions during the preparation of the 
manuscript. 

3 Wheat mosaic project review, held at Kansas State Col- 
lege, June 2-3, 1953. 
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which a mite has been implicated in the transmission 
of a virus disease of plants. 

This paper includes a discussion of A. tulipae in 
relation to wheat streak mosaic and other chlorotic 
symptoms on wheat, and a report on experiments with 
factors that influence the dispersal, perpetuation, and 
control of the mite in conjunction with the virus disease 
it carries. 

MATERIALS AND METHODS.—The eriophyid mites are 
so small that a 30- to 40-power stereoscopic microscope 
was a valuable aid when working with them. Since 
leaves infested with A. tulipae are usually tightly 
rolled, metal hair clips were utilized to hold the leaves 
flat on a gass slide to facilitate observation of the 
mites. Individual mites or eggs were readily transferred 
with a single squirrel hair of suitable flexibility 
glued to a wooden handle about the size of a pencil. 
Sometimes the mites were transferred by placing 
short pieces of infested leaves against the leaves of 
plants to be infested. In other experiments it was 
convenient to use an electric fan to blow mites from a 
few mite-infested plants to a large number of plants to 
be infested. 

The methods of caging infested plants varied with the 
nature of the experiment. Sometimes it was necessary to 
ascertain that only 1 mite fed on an individual plant. In 
such cases mites or eggs were placed singly on wheat 
seedlings grown from surface-sterilized seeds sown in 
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sterilized soil in 2.3 em X 20 em test tubes tightly the plants (Fig. 1, A and C). The cages varied in 
plugged with cotton. Sometimes infested plants grow- size from 2.5 cm X 20 em for individual plants to 
ing in pots or flats were caged under cylindrical cellu- 10 cm * 25 cm for several plants. The ends of the 


loid cages with open bases pressed into the soil around larger cages were reinforced with metal rings cemented 
| ] : o 














Fic. 1. Celluloid cages used in transmission experiments and for rearing eriophyid mites on wheat. A) Cages, 2.5 
B) Large cage into which several pots can be placed. Note the tube to facilitate watering 
25 cm. with ends reinforced with metal rings cemented to the celluloid. D) 
ages with nylon taffeta cloth forming an opening between the 2 chambers. 


20 cm, for individual plants. 
without opening the cage. C) Cages, 10 
Double cage made by connecting 2 | 
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to the celluloid. White nylon taffeta cloth was 
cemented over the top and over the 2 ventilator open- 
ings in the sides. This cloth allowed diffusion of air 
but prevented the passage of mites 

A cage large enough to contain several pots of 
plants was desirable for maintaining stock colonies of 
mites. A suitable large cage consisted of a celluloid 
cylinder approximately 2 ft. high and 2 ft. in diameter. 
the base of which was cemented securely in a groove 
in a weatherproof plywood disc. The celluloid was 
supported by an inside framework of heavy wire 
welded at the joints. White nylon taffeta cloth was 
cemented over 2 large ventilator holes on opposite 
sides of the cylinder. The top was also covered with 
nylon taffeta in the form of a sleeve, which could be 
tied to close the cage. A stoppered glass o1 copper 
tube tied in the sleeve facilitated watering the pots 
without opening the cage (Fig. 1, B) 


Non-infective mites were acquired by transferring 


Fic. 2. A. tulipae reared on Kharkov 22 M.C. winter wheat. 
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eggs to healthy wheat seedlings in large test tubes 
where the eggs hatched and the mites multiplied 
rapidly. The mites were transferred to healthy wheat 
seedlings in 6-in. pots placed in large celluloid cages. 
Under these conditions the mites multiplied prolifically 
on the wheat. 

SYMPTOMS ASSOCIATED WITH A. TULIPAE ON WHEAT. 
Wheat plants naturally infested with A. tulipae show 
various symptoms including a marginal leaf roll, 
varying degrees of leaf chlorosis and necrosis, stunt- 
ing, and, in extreme cases, death of the plants. The 
mites, wheat streak mosaic virus, and apparently a 
hitherto-unrecognized factor operate either singly or 
in combination to produce these symptoms. 

Vite damage.—All collections of A. tulipae from 
wheat, including mites reared from eggs on healthy 
plants, cause a longitudinal leaf roll that is sometimes 
so extreme that the leaves resemble garlic (Fig. 2, A). 
This symptom is more extreme on plants infested 





\) mite-infested plants with tightly rolled leaves (left), 


normal plants (right); B) an extremely heavy population of mites on the outside surface of a tightly rolled leaf; C) eggs 


and various stages of mites on the upper surface of a wheat 


E) ventral view of adult mite. 


leaf; D) lateral view of an adult mite about 250u long; 
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Fic. 3. Leaves of Kharkoy 22 M.C. wheat showing 3 types of chlorotic symptoms induced by mites from naturally dis- 
eased wheat: A) wheat streak mosaic; B) a chlorotic and necrotic spotting; C) a blotchy type of chlorosis. 


during or before stooling. On field or older greenhouse- 
grown plants with tougher foliage the rolling is usually 
confined to the leaf margins. Mites reared from up to 
10 eggs hatched on 82 individual healthy plants caused 
no apparent chlorosis until they became numerous, 
i.e. several hundred mites per plant. They then caused 
a chlorotic leaf spotting and eventually necrosis. 
Wheat streak mosaic virus.—This virus, transmitted 
by artificial sap inoculation or by mites that acquired 
it from artifically infected plants, causes light green to 
yellow dashes and streaks (Fig. 3, A). In more ad- 
vanced stages of the disease, a more general chlorosis 
and stunting result. Varying degrees of necrosis may 
develop, sometimes leading to death of the plant. 
Von-manually transmitted factor carried by A. 
tulipae.—Observations and experiments have indicated 
that A. tulipae often carries a non-manually trans- 
mitted factor causing chlorosis, necrosis, and stunting. 
This factor apparently induces 2 types of symptoms 
on Kharkov 22 M.C. winter wheat. One type (Fig. 
3, B) appears first as light green spots about 0.5 mm > 
1 mm in size. These spots intensify to yellow and may 
become necrotic. They enlarge and coalesce to form 
chlorotic or necrotic areas and may render the entire 
leaf chlorotic or necrotic. The other type of chlorosis 
is evident first as a light green mottle, but develops 
into a yellowing that may include the entire leaf 
(Fig. 3, C). Either type of chlorosis results in loss 
of functional leaves, stunting, and often death of plants. 
The additional factor was suspected when it was 
observed that wheat naturally infected with wheat 


streak mosaic in the field usually developed more severe 
chlorosis, necrosis, and stunting than wheat infected 
by manual methods. It was also found that mites from 
naturally diseased wheat usually induced more severe 
symptoms on wheat than mites from non-infective 
colonies that acquired the streak mosaic virus by 
feeding on manually infected plants (Fig. 4). 

The effects of the non-manually transmitted factor 
were distinguished from wheat streak mosaic in 2 
different experiments. When mites from naturally 
diseased wheat were tested individually for infectious- 
ness on 263 individual wheat plants, severe cholorosis 
developed on 149 of the latter plants. Wheat streak 
mosaic could be transmitted artificially from 83 of these 
chlorotic plants but not from the remaining 66. In 
another experiment, 10 severely chlorotic and stunted 
plants were selected from a field of diseased winter 
wheat. Wheat streak mosaic was transmitted both 
manually and by mites from only 5 of the plants. 
Although streak mosaic could not be transmitted from 
the other 5 plants, mites from them induced severe 
chlorotic symptoms. As mentioned above, mites origi- 
nating from eggs hatched on 83 heaithy wheat plants 
caused no severe chlorosis. These results indicate that 
the chlorosis was caused by an undefined factor, prob- 
ably virus in nature, that was carried by mites from 
the naturally diseased plants but was not transmitted 
manually. 

EXPERIMENTS ON THE TRANSMISSION OF WHEAT 
STREAK MOSAIC WITH A. TULIPAE.—Transmission of 
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38 & li3y to 63 & 285p. All these stages, including 





infested with A) 
wheat 


Fic. 4. 
non-infective mites, B) 
mosaic virus from manually inoculated wheat, C) mites col- 


Kharkov 22 M.C. winter wheat 
mites that acquired 
lected from naturally diseased wheat. The 
ing of leaves was caused by tl 


le sever;re 


Note the slight stunting and chlorosis in B as compared with 


the severe stunting, chlorosis and necrosis in C, 


non-infective colonies of A. 


After 
tulipae had been established from eggs hatched on 


various isolates. 


healthy plants, it was possible to test the ability of 
the mites to transmit various isolates of wheat streak 
various 


mosaic. The isolates included several from 


locations in Alberta, a mild and a moderately severe 
isolate from South Dakota. and the type collection of 
yellow streak mosaic from Salina, Kansas*. Young 
Kharkov 22 M.C. wheat plants were inoculated manu- 
ally with the isolates. As 
evident on the inoculated plants, 


soon as symptoms were 
non-infective mites 
were transferred to them and to healthy check plants. 
After 10 days on the source plants, about 10 mites were 
transferred to each of 8 to 24 test plants. Wheat streak 
mosaic symptoms developed on all the plants colonized 
with mites that had fed on wheat manually inoculated 
with any of the isolates, whereas the 18 controls, 
colonized with the mites that had not fed on diseased 
wheat, remained healthy. The identity of each isolate 
was checked by manual transmission to other wheat 
plants. It was thereby demonstrated that A. tulipae 
from wheat could transmit all the isolates of wheat 
streak mosaic tested from Alberta. South Dakota and 
Kansas. 

Like other 


tulipae has 3 instars. 


Infective stages of the vector. some 


eriophyids (2, 3), A. Measure- 
ments of A. tulipae from wheat showed the following 
size variations in the various stages: eggs 35 & 42y to 
46 X 65y,, first-instar nymphs 33 * 80, to 47 & 150y, 
97 X 206. adults 


second-instar nymphs 38 * 140, to 57 


4 The isolate was supplied by H. H. McKinney, Senior 
Pathologist, Division of Cereal Crops and Diseases, Bureau 


of Plant Industry, United States Department of Agriculture. 


streak 


rolling and loop- 
infestation of mites. 


nymphs in the first and second molts, can usually be 


found on infested wheat. The shortest life cycle 


observed at about 25°C 


was 7 days from egg to egg. 
Males have not been recognized in this species (4). 
Tests were made on the infectiveness of all stages of 
1. tulipae reared on streak-mosaic-infected wheat. Two 
individuals of a stage were transferred to a single 
wheat seedling growing in a large test tube. Ten plants 
were infested in this way for each stage of the mite. 
\fter 2 weeks in a greenhouse at 20°-25°C, the plants 
were tested for streak mosaic by manual transmission 
to healthy plants. The results of 2 experiments showed 
that all stages of A. 


infective. 


tulipae except the eggs may be 
The combined results of the 2 experiments 


show the percentage of plants infected by mites 
transferred in various stages of development as follows: 
egg 0. first-instar nymph 30, first molt 55, second-instar 
nymph 55, second molt 70, adult 35. 

Experiments described 


{cquisition of the virus. 


above showed that when A. tulipae was reared on 
wheat all stages except the eggs could be 


therefore evident that first-instar 


diseased 
infective. It was 
nymphs could acquire wheat streak mosaic virus from 
diseased plants. However, it was still necessary to 
determine whether second nymphs and adults could 
acquire the virus. About 200 eggs, first-instar nymphs, 
second-instar nymphs and adults respectively from a 
non-infective colony of mites were placed on separate 
groups of mite-free plants that had been artificially 
infected with wheat streak mosaic virus. On each of the 
following 3 days mites were removed from the various 
groups and 2 or 3 mites were placed on each of 5 to 
7 test plants. The results of this type of experiment 
repeated on 3 occasions showed that mites that had 


access to diseased plants only when in the first 
nymphal instar, including those placed on diseased 
plants when in the egg stage or first nymphal instar. 
infected 42 of the 86 plants on which they were tested. 
Mites that had fed on diseased plants only in the 
second nymphal instar infected 14 of 49 test plants. 
However. mites that had fed on diseased plants only 
after they had become adults old enough to be dis- 
tinguished with certainty from second nymphs by their 
larger size and darker color, did not infect any of 63 
test plants. Experiments of a preliminary nature 
showed that nymphs can become infective during a 
period of 30 minutes on diseased plants, but the actual 
feeding time was not determined. 
Persistence of the virus in the vector.—The persist- 
ence of wheat streak mosaic virus in A. tulipae was 
tested by utilizing a Triticum {gropyron hybrid that 
was a favorable host for the mites but immune from the 
virus. About 200 nymphs and adult mites were placed 
on each of 10 of the hybrid plants, and each day for 
10 days 3 mites were transferred from each hybrid 
plant to each of 3 wheat test plants. The development 
of streak indicated 
whether or not the mites were still infective. Two weeks 
after the mites had been applied to the hybrid plants 


mosaic symptoms on the wheat 
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the latter were all tested by artificial inoculation of 
wheat to ascertain that they had remained free from 
virus infection despite the feeding of the infective 
mites on them. It was found that even though the 
Triticum {gropyron plants on which the infective 
mites were colonized remained virus-free, some of the 
mites remained infective up to 6 days on these immune 
plants. The life span of the infective mites could not 
be determined because of the rapid development and 
overlapping of stages of the new generation of mites; 
therefore the evidence to date is not sufficient to 
ascertain whether the infective mites lost infectivity 
before death. 

DisPERSAL OF MITES AND virUS.—The incidence of 
streak mosaic in various parts of infected wheat fields 
often bore an obvious relationship to the distance and 
direction from the apparent source of infection. The 
proportion of infected plants was greatest near the 
source. Frequently, the incidence was high for a much 
greater distance eastward than westward from the 
source, indicating an influence of the prevailing west 
winds. Since the mites are wingless, the influence of 
wind could be either direct by blowing the mites from 
infested plants, or indirect by affecting the direction 
of flight of insects, such as thrips or aphids, that could 
conceivably carry the mites. 

The direct effect of wind on the spread of mites 
and wheat streak mosaic was tested by using 10-in. 
electric fans as sources of wind. A soil bed 12 ft. long, 
15 in. wide, and 4 in. deep was prepared in each of 4 
separated greenhouse compartments. Wheat was seeded 
in each bed. After the wheat emerged. potted wheat 
plants infested with mites and infected with mosaic 
were placed. with or without a fan, at one end of the 
respective beds in the following arrangements: 1) the 
source plants were heavily infested with mites and 
infected with streak mosaic, but a fan was not used, 
2) a fan was placed behind source plants that were 
heavily infested with mites and infected with streak 
mosaic, 3) a fan was placed behind source plants that 
were infested with mites but not infected with streak 
mosaic, 4) a fan was placed behind source plants that 


AND WHEAT STREAK MOSAIC 12] 


were infected with streak mosaic but free from mites. 
The fans were operated for approximately 2 hours 
each day for 1 week. Since the experiment was con- 
ducted during early spring, there was little difficulty 
from insect infestations. However, there were several 
very windy days during the course of the experiment 
and absolute control was not maintained over move- 
ment of air in the greenhouses. Nevertheless, as 
shown in Table 1, the influence of the fans on the 
dispersal of mites from mosaic-infected or mosaic-free 
plants was striking. There was little spread of mites 
from mite-infested diseased plants when a fan was not 
used. When the mites were absent the fan did not 
spread mosaic from the diseased plants. 

\ further check on the movement of mites by air 
was obtained by placing vaseline-coated microscope 
slides in the path of air blowing past mite-infested 
wheat in the greenhouse. Mites were caught in the 
vaseline and could be identified readily with a micro- 
scope. Mites have also been caught on vaseline-coated 
slides exposed on windy days near naturally diseased 
wheat crops. 

Thrips and aphids were frequently present on wheat 
plants infested with A. tulipae, and occasionally mites 
have been seen clinging to these insects. Experiments 
were therefore conducted to determine whether thrips 
or aphids could play a part in spreading the mites 
and hence streak mosaic. Four double cages were 
prepared by connecting 2 large cylindrical cages with 
a 6-in. sleeve of nylon taffeta cloth (Fig. 1, D). Two 
pots of mite-infested, mosaic-diseased wheat were placed 
in one side of each of the double cages and 2 pots of 
young. healthy test plants were placed in the other 
side. The infested plants were at least 2 ft. from the 
test plants in the opposite compartment of each cage. 
The nylon taffeta cloth covering the ventilators and 
forming the connections between the compartments was 
of such a close weave that air currents were negligible 
and hence would not disturb the mites on the plants 
in the cages. In 2 experiments, about 200 thrips were 
introduced on the infested plants in 2 of the cages, 
whereas the other 2 cages were kept thrips-free for 


Tasie 1. Dispersal of A. tulipae and wheat streak mosaic virus by wind from electric fans 


Percentage of plants developing symptoms at various distances from the source plants 


Ist 2nd 
Source Symptoms foot foot 
Mosaic Leaf roll 18.9 2.0 
& mites 
(no fan) Mosaic 38.2 2.0 
Mosaic Leaf roll 100.0 100.0 
& mites 
(fan) Mosaic 100.0 100.0 
Mites Leaf roll 100.0 100.0 
only 
(fan) Mosaic 0.0 0.0 
Mosaic Leaf roll 0.0 0.0 
only 


(fan) Mosaic 0.0 0.0 


Ath 6th 8th 10th 12th 
foot foot foot foot foot 
1.9 1.6 : 3.9 3.9 2.0 
1.9 1.6 5.9 2.0 2.0 
100.0 100.0 100.0 100.0 100.0 
100.0 97.0 98.5 95.1 75.0 
100.0 100.0 100.0 100.0 100.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
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controls. Within 3 or 4 days an estimated 4/2 of the 
thrips that had been applied to the mite-infested plants 
had migrated to the 16 test plants in the other compart- 
ment of each of the cages, but observations up to 6 
weeks later showed no evidence that they had carried 
mites to the test plants. Similarly attempts to transmit 
wheat streak mosaic virus from the test plants to other 
wheat plants failed. 

Natural infestations of unidentified species of aphids 
on diseased mite-infested wheat were employed in 2 
experiments on the spread of mites by aphids. Winged 
aphids flew from the diseased plants to test plants in 
the opposite compartment of the cages, but subsequent 
examination and transmission tests for the presence 
of mosaic virus did not indicate that any mites had 
been carried to the test plants by the aphids. 

Although the above tests gave negative results on 
the spread of A. tulipae by unidentified species of 
wheat-infesting thrips or aphids, more comprehensive 
experiments under various environmental conditions 
and with other species of insects may reveal a relation 
between insects and the spread of A. tulipae. 

Hosts OF MITES AND viruS.—Earlier work (8. 9, 11, 
12) demonstrated that a number of wild and cultivated 
grasses can be infected with wheat streak mosaic by 
manual inoculation. Grass plants other than wheat 
that have been found naturally infected include the 
following annuals: Aegilops cylindrica Host., Bromus 
japonicus Thunb., B. tectorum L.., 
florus Benth., Echinochloa crusgalli (L.) Beauv.. 
Eragrostis cilianensis ( All.) Lutati, Panicum capillare 
L., P. dichotomiflorum Michx., and Setaria viridis (L.) 


Cenchrus pauci- 


Beauv. Perennials on which the disease has been found 
naturally include Elymus virginicus L. and Sitanion 
hystrix (Nutt.). More recently the author has found 
wheat streak mosaic on wild oats (Avena fatua L.) and 
on commercial varieties of barley (Hordeum vulgare 
L.) and oats (Avena sativa L.) in Alberta. 


The susceptibility of a number of grasses to wheat 
streak mosaic was compared in the greenhouse by 
mite transmission as well as by manual inoculation. 
The series tested by mite transmission was infested 
by dispersing the mites from the diseased plants with a 
fan. After a sufficient incubation period, all plants 
were tested for virus infection by manual transmission 
to wheat. Non-inoculated plants of each grass were 
held as controls. 

The results of tests on cultivated and wild annual 
grasses (Table 2) showed that all grasses that were 
readily infected with the virus by manual inoculation 
were also readily infected by mites. Among the plants 
that were more difficult to infect, the cultivated and 
wild millets and the 2 corn varieties appeared to be 
more susceptible to infection from mite than from 
manual inoculation. The mites reproduced and main- 
tained sparse to moderate populations on several 
grasses including barley, rye. and several species of 
wild and cultivated millet. The wheat varieties were 
the only hosts highly susceptible to infestation by the 
mites. 
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A number of perennial grasses” were also tested for 
susceptibility to wheat streak mosaic and to the mites, 
The following grasses did not become infected with 
the virus by either manual inoculation or mite trans- 
mission, and the mites did not become established on 
them: Agropyron cristatum (L.) Gaertn., A. elongatum 
(Host.) Beauv., A. intermedium (Host.) Beauv., A. 
repens (L.) Beauv., A. smithii Rydb., A. trachycaulum 
(Link) Malte, Agrostis alba L., Bromus inermis 
Leyss., Festuca elatior L., F. rubra L., Hordeum 
jubatum L., Phleum pratense L., and Poa pratensis L. 
Although mites from wheat transmitted the virus to 
Elymus canadensis L., attempts to rear the mites on 
this grass were not successful. Moderate populations 
of mites were reared on young plants of Poa compressa 
L.and Oryzopsis hymenoides (Roem. & Schult.) Ricker. 
Both these grasses can be infected with the virus. 
Mosaic symptoms may develop on P. compressa, but 
O. hymenoides is a symptomless carrier (8). 

\ comparison was made of the susceptibility of 45 
Triticum X Agropyron hybrids® to wheat streak mosaic 
by manual and mite inoculation. All hybrids readily 
infected by manual inoculation were also readily in- 
fected by mite inoculation. The mosaic-susceptible 
plants were readily colonized by the mites. Several 
hybrids that did not develop systemic symptoms of 
streak mosaic developed local lesions, which on the 
mite-infested plants appeared as a chlorotic speckling. 
Other hybrids were symptomless carriers. Some of the 
symptomless carriers of the virus were readily colonized 
by the mites. 

Mites identified as Aceria tulipae were found on 
Hordeum jubatum, Elymus canadensis, and Agropyron 
smithii collected in southern Alberta. These grasses 
occur in spring wheat areas far removed from winter 
wheat production. H. jubatum is especially widespread 
and common throughout the Canadian spring wheat 
belt, and mites were found on it in widely scattered 
locations in Alberta and Saskatchewan. Elymus cana- 
densis has occasionally been infected with wheat 
streak mosaic (8). There was therefore a particular 
interest in determining whether or not A. tulipae from 
these perennial grasses could be reared on wheat and 
whether or not A. tulipae from wheat could be reared 
on any of these grasses. Results to date have not shown 
that these host exchanges can be made, thus indicating 
that there are different strains of A. tulipae and that 
these 3 grasses are not perennial hosts of the strain 
found on wheat. 

In both South Dakota, U. S. A., and in southern 
Alberta, Canada, the author has found wheat streak 
mosaic on spring wheat only in or near districts where 
winter wheat was grown. This indicates that winter 


5 Seed obtained from R. W. Peake, Canada Department 
of Agriculture, Experimental Farms Service, Lethbridge, 
Alberta. 

6 Tested in co-operation with J. E. Andrews, Canada De- 
partment of Agriculture, Experimental Farms Service, Leth- 
bridge, Alberta. 
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TaBsLe 2.—Susceptibility of annual grasses to wheat streak mosaic and A. tulipae 


Species Variety 


CULTIVATED GRASSES 


Avena sativa L. Victory 
Echinochloa crusgalli L. Beauv. _Japanese millet 
Hordeum vulgare L. Trebi 


Vantage 
OAs 3 


Panicum miliaceum L. Proso millet 
Secale cereale L. (winter type) Dakold 
Setaria italica (L.) Beauv. Hungarian millet 
Triticum dicoccum Schrank _Vernal 
Triticum durum Desf. __Mindum 
Triticum timopheevi Zhukov. 
Triticum aestivum L. (spring types) Lee 

Varquis 


Rescue 
Thatcher 
Triticum aestivum L. (winter types) Jones’ Fife 
Kharkov 22 M.C. 
Minter 
Pawnee 
Yogo 
Zea mays L. Northern Cross 
Golden Rush 


WILD GRASSES 


Avena fatua L. Wild oats 
Bromus japonicus Thunb. Japanese chess 
Bromus secalinus L. Cheat 
Bromus tectorum L. Downy brome 
Digitaria sanquinalis (1...) Scop. Crab grass 
Echinochloa crusgalli (L.) Beauv. Rarnyard grass 
Eragrostis cilianensis (All) Lutati Stink grass 
Panicum capillare L. Witch grass 
Setaria lutescens (W eigel ) Hubb. Yellow foxtail 
Setaria verticillata (L.). Beauv. Bristly foxtail 
Setaria viridis (L.) Beauv. Green foxtail 
“M = mosaic symptoms; F = few plants showing symptoms; 
+ few mites; +4 moderate survival of mites; +4 


wheat is an important host of the virus and vector. 
The importance of perennial grasses as harboring 
hosts in either winter or spring wheat areas has not 
as yet been determined. 

FACTORS INFLUENCING THE SURVIVAL OF MITES AND 
virus.—T emperature tolerance——When A. tulipae was 
first discovered, nothing was known about its means of 
overwintering nor of the low temperature tolerance of 
the various stages. The condition of the mites was 
observed on naturally infested plants collected from 
fields after major changes in the weather throughout 
the winters of 1952-53 and 1953-54. The plants were 
searched for mites within 1 hour after bringing them 
into the laboratory from out-of-doors. On every date, 
all stages of the mites. including eggs, could be found 
in apparently good condition. The majority of the 
eggs hatched when placed in 100 per cent relative 
humidity at 25°C. 

Mites and eggs were subjected to rapid cooling tests 
to determine their freezing temperature’. When the 


7 The cooling apparatus was developed by Dr. R. W. Salt, 
Science Service Laboratory, Lethbridge, Alberta. 
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Reaction to virus 


Manual Mite Suscepti- 
inocu- inocu- bility to 
lation lation mites 
M* M oO 
M (F) M 4 
M M + 
M M + 
M M + 
M (F) M (F) O 
M (F) M (F) 
M (F) L M + 
M M 4+-+4 
M M +++ 
M M ++ 
M M ++ + 
M M +4 + 
M M ade ae vl 
M M ++ 
M M + 4-4 
M M 4. 4 
M M +44 
M M +44 
M M +++ 
O L M oO 
O L M O 
M (F) M (F) O 
M (F) M (F) O 
M M (F) oO 
M (F) M (F) Oo 
M (F) M O 
M (F) M + 
M (F) M + 
M (F) M (F) O 
O oO Oo 
M (F) M -}. 
M (F) M + 

L.= local chlorotic spots; O —no mosaic, or no mites; 


abundance of mites. 


mites or eggs were placed on the cooling stage and 
insulated from the surrounding atmosphere by 2 sheets 
of glass sealed over the stage, they could be observed 
continuously with a binocular microscope. The temper- 
ature was recorded with a thermocouple. Mites were 
cooled to sub-freezing temperatures in 10-15 minutes, 
and they could be held as low as —26.0°C for several 
minutes without freezing. But mites in the nymphal 
and adult stages, whether reared in the greenhouse or 
removed directly from field plants in mid-winter, froze 
at temperatures between —26.5°C and —28.0°C. The 
segs did not appear to freeze until the temperature was 


lowered to about —31.0° or —32.0°C. Some eggs held 


€ 


at —30.7°C for 2.5 minutes without freezing hatched 
when incubated at room temperature. 

The effect of longer periods of sub-freezing tempera- 
tures on the survival of mites on winter wheat plants 
was tested in temperature-controlled rooms. Yogo 
wheat in 6-in. pots was infested with mites and was 
hardened by exposure to 5°C for 2 nights, 0°C for 7 
nights, and —5°C for 21 nights. During the day, the 
plants were kept in a greenhouse. After the hardening 
period, 5 pots of the mite-infested wheat were placed 
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Pape 3.—Survival of Yogo winter wheat and A. tulipae after exposure to sub-freezing temperatures for various periods of 


time 


lime at sub-zero temperatures 


1 day 2 days + days 8 days 16 days 
<i <, Wheat 33 20 O O O 
Mites H H H M M 
Eggs 80 80 65 20 30 
—-10° C Wheat 20 O O O O 
Mites H H H L O 
Eggs 80 33 82 9 O 
—15° C Wheat O O O O O 
Mites H M O O O 
Eggs 60 87 25 27 Q 
an 2? € Wheat 2) 8) 0 ) ) 
Mites M O O O O 
Eggs 93 20 18 O O 
—25° ¢( Wheat O O O O O 
Mites O O O O O 
Eggs () 6) 2) ‘f) O 
* Numerals indicate percentage of survival of wheat or hatchability of eggs; H high survival of mites; M medium 
survival of mites; | low survival of mites, i.e., only an occasional living mite; O no survival of wheat or mites, or no 
eggs hatchable. 
at each of the following temperatures: 5 10 the leaves became chlorotic and began to decompose. 


—15°, —20°. and —25°C. Pots of infested plants were 


subjected to these temperatures for a period of 1, 2, 4, 


8, or 16 days. Immediately after removal from the cold 


rooms, the plants were searched for living mites. Eggs 
were also removed and tested for hatchability. The 
wheat plants were placed in the greenhouse and later 
checked for survival after the cold treatment. Under 
these conditions the mites and eggs appeared to be 
considerably more tolerant to low temperatures than 
the wheat (Table 3). In other experiments’, healthy 
Yogo winter wheat showed considerably more tolerance 
to low temperatures under similar experimental con 
ditions than the mite-infested mosaic-diseased Yogo 
showed in the above experiment. I[t is also probable 
that winter wheat can tolerate lower temperatures 
under field conditions than under the conditions of 
these experiments. Nevertheless, it appears likely that 
the mites or their eggs can survive the lowest tempera- 
tures that the varieties of winter wheat grown in 
Alberta can survive. 

Although controlled experiments have not been per- 
formed on high temperature tolerance, mites have been 
reared satisfactorily in celluloid cages in the green- 
house during the summer, when the temperature in the 
cages occasionally approached 50°¢ 

Humidity tolerance. The influence of various 
humidities on the survival of mites on detached leaves 
placed at 5°, 15°, and 25°C was tested (Table 4). The 
mites perished sooner at the lower humidities and 
higher temperatures. Rapid mortality appeared to be 
directly related to the rapidity with which the mites 
were desiccated. The mites appeared normal at 
humidities near 100 per cent at all temperatures until 


8 Unpublished data from experiments performed by Dr. 
D. W. A. Roberts, Science Service Laboratory, Lethbridge, 
Alberta. 


Decomposition began more quickly at 25°C than at the 
lower temperatures, and consequently the mites 
perished more quickly. The survival of mites appeared 
to be directly related to the micro-environment supplied 
by the leaves, and this was determined by the condition 
of the leaves. 

The effect of various humidities on the hatchability 
of eggs stored on glass slides at 5°, 15°, and 25°C was 
tested. The eggs were selected from vigorous, young 
wheat plants infested with a thriving colony of mites. 
Ten eggs were placed on each of a number of glass 
slides, which were immediately placed in chambers at 
the desired humidities and temperatures. Each day a 
slide was removed from each chamber, examined to 


TABLE 4.—-Survival of A. tulipae on detached wheat leaves 
placed in various humidities at 3 temperatures 


Days at each temperature and 


R.H. humidity 
lemp. (%) rZ23 443566783 $HRH 
oa Bas 0 Q* 

25 O 

50 EL © 

75 L. © 

100 HHH HHHMMMLLO 
15°C. 0 M O 

25 M O 

50 MO 

75 H O 

100 PHRHRABHAHHAMMLLO OL 
aC. 0 M O 

25 MLL *O 

50 H HMLO 

75 ce Be eS ee ey Pe ee ee 

100 HHARARHRAHHRR Ss 
*H = high survival, mites appeared normal; M = medi- 
um survival; L = low survival; O = no living mites found, 


all desiccated or overgrown by saprophytic fungi. 
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Tape 5.—Hatchability of eggs of A. tulipae held at various 
humidities and temperatures for different periods of 
time before incubation at 100 per cent R.H. and 25° C. 


No. of eggs out of 10 that hatched after 

exposure to specified humidities and 
temperatures for 

R.H. ] 2 3 1 5 6 7 8 


Temp. (%) day days days days days days days days 


35° C. 0 0 0 0 0 0 0 
25 0 0 0 0 0 0 
50 2 0 0 0 0 0 
75 10 10 4 0 ] 0 

15° C. 0 2 0 0 0 0 0 0 0 
25 2 0 0 0 0 0 0 0 
50 8 0 2 0 0 0 0 0 
75 10 6 7 2 5 0 0 0 
100 10 10 10 10 10 10 10 10 

ak oe 0 4 2 0 0 0 0 0 0 
95 5 2 3 7 0 0 0 0 
50 5 3 2 2 zZ 0 0 0 
ta 10 6 10 3 3 3 3 0 
100 10 10 10 10 10 10 10 10 


note the condition of the eggs, and then placed at 100 
per cent R.H. at 25°C. 
aged eggs hatched within 4 days. 


Under these conditions undam- 


Although the eggs hatched readily at 25°C when the 
relative humidity was near 100 per cent, hatching was 
almost completely arrested at 15° and 5°C. Similarly, 
very few eggs hatched even at 25°C when the relative 
humidity was lowered to about 75 per cent, and none 
hatched at relative humidities of 50 per cent or lower. 
The storage of eggs at 100 per cent R.H. for 8 days at 
100 
R.H. was not detrimental to hatchability (Table 5). 


R.H. or lower soon 


15° or 5°C before removal to 25°C at per cent 


However. storage at 75 per cent 
reduced hatchability. Shrivelling and loss of hatch- 
ability was most rapid at the lower humidities and 
higher temperatures. 

{ge and condition of host plant—In attempts to 
rear A. tulipae on wheat at various stages of develop- 
ment it was found that the plants were infested very 


TABLE 6. 


weekly periods from early August to late November 


Position of pots of wheat in 
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readily up to and during the stooling stage. Infective 


mites usually caused excessive damage to plants 


infested in the 1- to 3-leaf stage. Plants not infested 
until near the heading stage did not support vigorous 
It was also apparent in the field that the 
mites were frequently abundant on immature plants 


colonies. 


but scarce or absent on plants nearing maturity. A 
preference was shown for young, succulent tissues of 
the plant. 

4 comparison was made of immature and mature 
wheat plants as natural carriers of A. 
streak Shortly after ripe, 
diseased plants and stubble were collected from a 


tulipae and 
wheat mosaic. harvest, 
winter wheat crop that had been severely infected with 


Volun- 


teer plants in the stooling stage were collected from 


wheat streak mosaic and infested with mites. 


the edge of the same field. The plants were transplanted 
into pots. Wheat was seeded in the same pots, which 
The 


21 young plants that grew from seed sown in the 2 


were then placed in separate mite-proof cages. 


pots with the immature wheat became infested with 
mites and developed wheat streak mosaic. None of the 
12 plants that grew from seed in 4 pots with mature, 
diseased wheat, or the 28 plants in 3 pots with stubble 
from diseased plants, showed any evidence of mites 
or wheat streak mosaic. 

An additional comparison was made of stubble and 
young plants as carriers of mites and wheat streak 
mosaic. Pots of Kharkov 22 M.C. wheat grown to the 
l-leaf stage in the greenhouse were placed in various 
positions in a field. Some pots were placed beside 
spring-planted winter wheat that had remained vege- 
tative until late fall and had become infested with A. 
tulipae and infected with wheat streak mosaic. Other 
pots were placed in various positions in a strip of clean 
summerfallow 53 yd. wide located east of the im- 
mature wheat. Two other pots were placed in a plot 
of stubble left from a mosaic-infected winter wheat 
crop that had been harvested in mid-August. After a 
set of pots had been in the field for 1 week it was 
replaced by a new set. Plants taken from the field 


Spread of streak mosaic to young greenhouse-grown wheat exposed in pots near fields of diseased wheat for 


Percentage plants infected when exposed for week starting 


the field Aug. 24 Sept. 11 Sept. 26 Oct. 9 Oct. 16 Oct. 30 Nov. 13 
l. Edge of patch of spring 
seeded winter wheat natu- 
rally infected with streak 
mosaic 88.8 100.0 70.0 97.3 48.6 28.2 3.7 
2. In summerfallow strip, 8 
yards east of # 75.0 85.0 11.7 23.8 4.] 0.0 0.0 
3. In summerfallow strip, 18 
yards east of #1 70.8 63.6 1.1 15.0 12.5 9.0 0.0 
4. At edge of winter wheat 
stubble, 50 yards east of 
#] 0.0 20.0 0.0 0.0 0.0 0.0 0.0 
5 35 yards within winter 
wheat stubble 90 yards 
east of #1 4.1 14.2 


0.0 
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were put in the greenhouse where they were fumigated 
with nico-fume to reduce the danger of mites spreading 
from plant to plant. Observations were made period- 
ically for about 3 weeks, and the development of streak 
mosaic symptoms was recorded as an indication of the 
spread of mites with the virus in the field. 

The infections resulting among the 12 plants in 
each of 1-3 pots exposed for 1 week at eac h location 
in the field are shown in Table 6. Since the results 
from plants exposed on successive weeks were often 
very similar, the data for several of the alternating 
weeks are omitted from the table to save space. The 
data show that when the pots of test plants were placed 
near the immature, diseased wheat a high percentage 
of plants became infected. The farther the pots were 
from the immature wheat, the fewer the plants that 
became infected. There was no evidence that the 
stubble of a diseased crop acted as a source of virus 
or mites. The rate of virus spread also varied consid 
erably with the date. From 70 per cent to 100 per 
cent of the test plants became infected in pots exposed 
near the immature, diseased wheat for a week at any 
time from early August to mid-October, but after the 
latter date the percentage of infection dropped off 
rapidly to nil by the end of November. This reduced 
rate of spread late in the fall season was probably 
related to the effects of cool weather on the mites. 

Earlier experiments with streak mosaic showed that 
the virus could not be recovered by manual transmis- 
sion from mature wheat plants (10, 12). Mature plants 
are also not suitable hosts for A. tulipae. It therefore 
appears safe to conclude that stubble or mature plants 
are not a source of mosaic or mite infestation in the 
field. On the other hand, volunteer or other immature 
wheat at the edge of fields or in summerfallows may 
become infested with mites carrying the virus, and 
such infected plants are the real danger to the new 
crops of winter wheat. 

Destruction of the host by cultivation —Frequently 
the summerfallow land on which winter wheat is to be 
planted is infested with volunteer wheat that is diseased 
and infested with mites. Occasionally a field of winter 
wheat appears so severely damaged with wheat streak 
mosaic by late spring that it is advisable to destroy 
it and plant a spring crop. In both of the above 
situations the diseased, mite-infested plants are a 
menace to wheat that may be planted in the same 
field; hence the diseased plants must be destroyed. 
However, it has been noticed that wheat emerging soon 
after diseased plants were destroyed by cultivation 
often develop the disease. Earlier work showed that 
wheat streak mosaic virus loses infectivity rapidly in 
plant tissues that have begun to decompose (12). On 
the other hand, the virus can remain infectious for a 
considerable time in plant tissues that have dried 
rapidly (7. 10). However, the loss or retention of 
infectivity of the virus in plant tissues is of little 
consequence unless the vector can survive to infest a 
subsequent crop of wheat. 


Experiments in the greenhouse showed that mites 


could survive long enough on diseased wheat plants 
severed from their roots and mixed with the surface 
soil to infest wheat plants emerging from seed sown 
in the soil several days later. The proportion of young 
plants infested in this manner was influenced by the 
depth to which the infested leaves were buried. the 
temperature and the moisture of the soil, and the 
date of seeding. 

The significant influence of covering infested leaves 
with soil on the degree of infestation of wheat sown in 
the soil was strikingly illustrated in experiments in 
the greenhouse. Twenty-five wheat seeds were sown 2 
in. deep the same day that infested wheat leaves were 
added at various levels to the soil in 8 in. pots. There 
were 4 replicates of each treatment. The pots were 
watered and held in a greenhouse at a temperature of 
about 20°C. After the wheat had emerged, a high 
percentage of plants became infested with mites and 
developed wheat streak mosaic in the pots in which the 
infested leaves had been left on the surface of the soil 
(Table 7). Infestation and disease were strikingly 
reduced when the leaves were buried under as little 
as | in. of soil, and only a trace of mite-infestation 
occurred when the leaves were buried to greater depths. 

The influence of various temperatures and moistures 
on the survival of mites on infested plants left on the 
surface or covered with soil was compared. A loam soil 
was used in the experiment. The soil for the dry series 
was thoroughly air-dried and for the wet series liberally 
watered for several days before the beginning of the 
experiment. About 10 g. of mite-infested mosaic-diseased 
wheat leaves were added to each 6-in. pot of soil. 
The leaves were covered with 1 in. of soil in one experi- 
ment and left on the surface of the soil in the other. 
Pots of each treatment were kept in rooms with 
temperatures of 10°, 15°, 20°, and 25°C. The leaves 
in each treatment were examined periodically until 
there were no longer any living mites. It was found 
that the mites survived a few days longer at the lower 
than at the higher temperatures (Table 8). They 
survived longer on leaves under moist than under dry 
conditions at the lower temperatures. At the higher 
temperatures the mites survived longer in dry than in 
moist soil when the leaves were buried, but when they 
were left on the surface of the soil the mites survived 
longer under moist conditions. These results are in 
accordance with earlier experiments, which indicated 
that the rate of destruction of mites on infested leaves 


TABLE 7.—A. tulipae infestation and streak mosaic infection 
in wheat sown 2 in. deep in soil to which mite-infested, 
diseased wheat leaves were added on the surface and 
at various depths below the surface 


Percentage Percentage 

Position of infested trash mite streak 

in the soil infestation mosaic 
On surface a 100.0 100.0 
ty below surface 19.4 43.5 
2” below surface__.._._-_— 19.0 34.5 
3” below surface — 3.8 9.0 
1” below surface —_ 3.7 rf 





= 
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Tasie 8.—Survival of A. tulipae on infested leaves added to 
the surface or incorporated in wet and dry soil at vari- 
ous above-freezing temperatures 


Days after placing infested leaves on 
the soil a : 
Temp. 0 12 4 6 8 10 12 14 16 18 20 


A. Infested leaves covered by about 1 in. of soil 
Soil wet 


5° C. H*H H M O 

3° 4. HHH HHHM  O 

im <. HHAHAHAHH LO 

wm? <. H H H H H HH HH HMM 
Soil dry 

35° (. HHABABAM LO 

= {;. H H H HM L O 

iS? €. HHHAHRAM CL OO ; 

i’ <., _H H H H HH HMM LO 

B. Infested leaves placed on the surface of the soil 
Soil wet 

as? .€.. H H H HMM LO 

ae? <,, H H HH HMM LO 

is* ¢. HHH HHHMMLLOO 

ie <. H H HH HH HHMLOO 
Soil dry 

=a <. Hebd 8 

on” &.. HMM LO 

is? C. HHAHM LO 

1’ <. H H H HMM LO 

‘oi high survival of mites; M medium survival; L = 
low survival; O —=no living mites found, all desiccated or 


overgrown by saprophytic fungi. 


is related to the rate of desiccation or decomposition 
of the host leaves. 

Tests were made on the carry-over of infestations to 
wheat seeded in 2 pots of each treatment at intervals of 
1 or 2 days up to 20 days after infested leaves were 
added to the soil under the conditions of the preceding 
experiment. The least carry-over of infestation occurred 
when the leaves were buried in moist soil kept at 25°C, 
A high degree of carry-over of infestation occurred at 
all temperatures from 10°-25°C when the leaves were 
added near the surface of soil that was kept dry until 
the date of seeding. Under these conditions the rate 
of infestation was high on wheat seeded the same day 
on which the infested leaves were added to the soil, 
but it dropped off rapidly on wheat seeded 1 or more 
days later. No infection wheat seeded 
more than 6 days after the infested leaves had been 
added to the soil. 


occurred on 


As yet, controlled experiments on the elimination of 
the mites by cultivation have not been performed in 
the field. Obviously weather conditions will influence 
the results of various methods of cultivation. However, 
the experiments in the greenhouse have indicated some 
hazards in seeding wheat without taking adequate 
precautions for eliminating volunteer or other infested 
wheat long enough before seeding to ensure complete 
elimination of the mites. Under field conditions this 
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may necessitate the keeping of land free from green 
growth for more than a week before seeding. Field 
experiments may show the relative merits of various 
methods of cultivation. 


Discussion.—The study of the spread of wheat 
streak mosaic and its vector Aceria tulipae in southern 
Alberta has indicated the paramount importance of 
wheat, and especially winter wheat, in the perpetua- 
tion of the disease. Although a number of wild grasses 
and cultivated plants can be infected with the virus, 
both manually and by the vector, wheat is the host most 
susceptible to the virus and it is the most suitable host 
known for the rapid multiplication of the strain of A. 
tulipae associated with the disease on wheat. As wheat 
streak mosaic has not been found on spring wheat in 
areas where winter wheat is not grown, it appears that 
winter wheat is important for the overwintering and 
propagation of the vector and the disease. Some peren- 
nial may be importance in the 
perpetuation of both the virus and the vector. 


grasses of some 

The important phases in the annual cycle of wheat 
streak mosaic appear to be associated with living 
wheat plants. Winter wheat that becomes infested with 
the mites and thus infected with the disease in the fall 
carries the vector and the virus over winter. Next 
spring and summer the mites continue to multiply on 
infested wheat and carry the disease to any susceptible 
host nearby, such as spring wheat, volunteer wheat of 
any type, and some annual grass weeds. Infestations 
may build up during the summer on volunteer wheat 
growing in summerfallow land adjacent to diseased 
Even when the summerfallow is cultivated, 
young plants emerging within a few days can become 
infested with mites that have not yet perished on the 
infested plants uprooted by the cultivation. In addition, 
a few plants often survive the cultivation and so per- 
petuate the vector and the disease. If the summerfal- 
low is not kept free from infested volunteer wheat for 


crops. 


a sufficient period before a new winter wheat crop is 
planted on the same land, a serious infestation of mites 
and the disease may result. 

The dates for seeding winter wheat appear to be of 
considerable importance, in that the earlier seedings 
are more subject to severe infection. This may be 
attributed to a greater abundance of mite-infested, 
diseased plants, including spring wheat, in the summer 
and early fall, more favorable conditions for dispersal 
of mites, and a longer period during which the mites 
can infect new plants before the onset of winter. 

Effective control measures for wheat streak mosaic 
in southern Alberta are both simple in principle and 
compatible with recommended agronomic practices. 
Fields in or near which winter wheat is to be seeded 
should be kept free from volunteer wheat long enough 
before seeding the new crop to ensure complete elimi- 
nation of the mites that carry the virus. It is important 
to avoid seeding winter wheat before spring wheat is 
mature in adjacent fields. A helpful precaution is to 
avoid seeding winter wheat before early September in 
areas where wheat streak mosaic is a threat. 
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If the disease is controlled satisfactorily in winter 


wheat it will not be a problem in spring wheat. Spring 


wheat should not be planted adjacent to severely 
diseased winter wheat. It is possible to replace a 
severely diseased winter wheat crop with spring wheat 
if it can be efficiently destroyed soon enough to ensure 


elimination of the mites before the spring wheat is 


seeded. 
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RESISTANCE TO INFECTION BY SCLEROSPORA SORGHI OF SORGHUM 
AND MAIZE VARIETIES IN MYSORE, INDIA! 


Kk. M. Safeeulla and M. J. Thirumalachar 


SUMMARY 


Varietal resistance to Sclerospora sorghi infection 
in some sorghum and maize varieties cultivated in 
Mysore, India, was tested by artificial inoculations 
with conidia and oospores. Conidia were produced 
in the laboratory in detached leaf cultures. by float- 
ing pieces of freshly infected leaves on a water 
surface in Petri dishes and incubating them at 
20°C and below. A thick felt of conidiophores 
bearing conidia, produced on the leaf surface by 
this method, was used to inoculate sorghum and 
maize seedlings by brushing them on young leaves 
previously wetted with a water spray containing 0.05 


per cent sodium ricimeolate. For inoculating with 
oospores, seeds were dibbled in sterilized soil and 
covered with oospore inoculum. 

Results of inoculation experiments indicated that 
S. sorghi infected 2 maize varieties, Kashmir Sweet 
and Pearl Beauty, developing both conidia and 
oospores. There was no shredding of diseased 
leaves in maize. Whereas the sorghum varieties 
showed 10-30 per cent infection, 4 varieties viz. 
Bonita. Kasturi Bile, Honnur Bile and C. O. 6 have 
not shown infection in both conidial and oosporic 
inoculation experiments. 





Sorghum vulgare Pers.. popularly known as jowar, 
is an important food and fodder crop in India. A 
downy mildew of jowar incited by a species of Sclero- 
spora causes widespread damage in the states of Bom- 
bay and Mysore in South India. Owing to the sys- 
temic infection, the diseased plants do not bear heads. 
Depending upon severity of infection, the loss may 
range from 5 to 30 per cent. Butler (1). studying the 
fungus in India, placed it under Sclerospora gramine 


1 Accepted for publication October 26, 1954. 


cola (Sace.) Schroet. because of its general resem- 
blance to that species as it occurred on Pennisetum 
typhoideum L. Kulkarni (2) gave the fungus on Sor- 
ghum varietal rank as S. graminicola var. andropo- 
gonis-sorghi on the basis of its conidial characters and 
the results of his inoculation experiments. Weston and 
Uppal (8) however, considered it a distinct species 
from S. graminicola for structural and biological rea- 
sons and proposed the new combination S. sorghi 


(Kulk.) Weston & Uppal. 
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Symptoms of the disease are well described by Kul- 
karni (2) and by Uppal and Desai (6). Plants in- 
fected at the seedling stage are stunted, with pale yel- 
low leaves, which become covered with downy growth 
during conidial formation. After the formation of 
oospores, the leaves become finely shredded. Older 
plants infected by conidia develop localized infections 
on young leaves and proliferation of new spikelets. 

S. sorghi infects some varieties of maize and teosinte 
(3,6). Patel (3) showed by oospore inoculations that 
the downy mildew on sorghum would infect the maize 
variety ‘Kashmir Sweet.’ Since there is no information 
on the varietal reaction of sorghum and other maize 
varieties to infection by S. sorghi, the present study 
was undertaken. 

PRODUCTION OF CONIDIA.—Since the conidia lose 
their viability very rapidly, the availability of freshly 
developed conidia for inoculating plants was essential. 
Previous investigators (2, 8) failed to obtain success- 
ful infection by inoculating with conidia. During the 
months of September and October conidial formation 
on leaves takes place naturally in the field during 
early hours of the morning. For obtaining conidia in 
large masses under laboratory conditions, the tech- 
nique previously used in the case of Sclerospora di- 
chanthicola (4) and Sclerophthora macrospora was 
adopted. Small pieces of diseased leaves (collected 
from freshly infected plant before oospore formation) 
10 mm broad, were floated on water in Petri dishes 
the upper lid of which was lined with a thick pad of 
moist cotton. Two hours after incubation at room tem- 


perature (18-20°C) fine films of water were found 
condénsed on the upper leaf surface. 
Observations have indicated that for Sclerospora 


sorghi, conidial formation takes place under the fol- 
lowing conditions: 

a) The diseased leaf must be in early stages of in- 
fection with vigorously growing hyphae. Once oospore 
formation sets in, the rate of formation of conidia is 
reduced. 

b) There must be heavy condensation of moisture 
on the leaves, but not so heavy as to submerge the 
stomata. No conidial formation took place in leaves 
that were submerged in Petri dishes. Conidia formed 
only in those areas where there was condensation of 
moisture, and none formed on dry leaf surfaces. 

c) The temperature must be 20°C or below. Above 
20°C, conidial formation is suppressed even though 
leaf 


surfaces. On some of the warm nights during Septem- 


there is abundant condensation of moisture on 
ber. no conidial formation took place despite heavy 
moisture condensation because of temperature being 
above 20°C. However it is interesting to note that the 
tillers coming out from stumps of harvested diseased 
plants in November and December bear conidia abun- 
dantly, with leaf surfaces appearing as white sheets 
(Fig. 1), because of low night temperature (14-15°C) 
and heavy dew fall in early hours of the morning. 
Despite data obtained in the present study, we defer 
putting forth the view that conidial or sporangial for- 
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mation in S. sorghi is only governed by temperature 
and moisture conditions and that their formation is not 
periodic as one would believe from the published re- 
ports of Dr. Weston on nocturnal conidial production 
in S. graminicola (7). Stages in development of coni- 
diophores and conidia are similar to those reported 
by Weston for S. graminicola. Stout turgid hyphae be- 
come grouped in substomal space and organize them- 
selves into conidiophore initials. Under favorable con- 
ditions of moisture and temperature, they are pushed 
out of the stoma and by very rapid elongation and 
differentiation of the branches, produce tree-like 
growths, bearing globular to ovate conidia at the ends 
of sterigmata (Fig. 2). When excess moisture is pres- 
ent, the conidia germinate while still attached, but in 
most cases they get separated and germinate immedi- 
ately by formation of long germ tubes (Fig. 3). 

INOCULATIONS WITH CONIDIA.—There has been no 
previous report of successful inoculation using coni- 
dia. Weston and Uppal (8). and Uppal and Desai (6) 
report infections with oospores and failed to get infec- 
tion when conidia were used as inoculum. For conidial 
inoculation, 3 methods were tested: a) A conidial sus- 
pension was dropped with a pipette into the whorl of 
unfolding leaves of seedlings; b) young plants were 
atomized with a conidial suspension; c) young plants 
were first sprayed with 0.05 per cent sodium ricineo- 
late solution to wet the leaves and then brushed with 
infected leaves on which a thick downy growth of 
conidia had been developed by incubating in the 
laboratory under suitable moisture and temperature 
conditions. In all cases, the inoculated plants were 
enclosed in a moist chamber for 12 hours and later 
kept in the green house for further observations. 

In the first 2 methods, the inoculum could hardly 
be made to stick to the leaf surface on account of its 
waxy nature. A high percentage of infection was se- 
cured by adopting the third method of inoculation, 
and the results obtained are presented in Table 1. 


TABLE 1.—Summary of results obtained by inoculating dif- 
ferent hosts with conidia of Sclerospora sorghi 


No. of plants Percentage of 


Host inoculated plants infected 
Sorghum vulgare var. 
Bonita = ——- 100 0 
Athnijola 200 4.5 
eS 2 150 15 
c. && 3 200 pe 
c. & 4 200 9 
i. 2s 200 0 
Honnur Bile 200 0 
Kasturi Bile 200 0 
Bavanhalli 200 6 
Yanzingai 120 18 
N. T. Hingari 150 20 
Zea mays 
Kashmir Sweet 50 30 
Setaria italica 200 0 
Panicum miliare . 200 0 
Pennisetm typhoideum 200 0 
Saccharum officinarum 25 0 
S. spontaneum on 25 0 
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In all the cases where infection was noticed, both coni- 
dia and oospores were observed. 

INOCULATION WITH OOSPORES. 
oospores were carried out during August and Septem- 
ber in the same way as those carried out by Uppal and 
Desai (6) and Patel (3). Seeds of sorghum and maize 
varieties were sown in sterilized soil in seed pots. In 
each pot, small holes 2-3 inches deep were made in the 
soil, and the seeds were placed in the holes and sur- 
rounded by inoculum composed of powdered leaves that 
bore heavy populations of oospores. A thin layer of 
soil was put on the seeds to prevent their dislodging 
during watering of the pots. Control pots were set 
up in each case, where the seeds were planted in ster- 
ilized soil without the oospore inoculum. The results 
In all cases where infection 


Inoculations with 


are recorded in Table 2. 
was noticed, both conidia and oospores were observed. 

The cross inoculations with oospores have confirmed 
the findings of Uppal and Desai (6) and Patel (3) that 
S. sorghi is able to infect certain varieties of maize. 
Uppal and Desai reported that only the conidial stage 
was produced by S. sorghi on maize, and the occur- 
rence of oospores in the maize variety Kashmir Sweet 
was reported by Patel (3). In the present study, both 
conidia and oospores have been observed in the in- 
oculated leaves of maize varieties Kashmir Sweet and 
Pear] Beauty. There is no shredding of diseased leaves 
in maize (Fig. 5) and the oospores lie scattered. It is 
of interest that among the varieties of sorghum tested 
both by conidial and oosporic inoculations, Bonita, 
C. O. 6, Kasturi Bile, and Honnur Bile have not shown 
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TABLE 2.—Summary of results obtained by inoculating sor- 
ghum and maize varieties with oospores of S. sorghi 





Percentage of 
plants infected 


No. of plants 
Host inoculated 








Sorghum vulgare 


Khaki jola 200 35 
Local Mungar 200 15 
Ibbini Jola 200 13 
Kasturi Bile 200 0 
Chitladurg Bile 200 10 
Bonita 100 0 
CG & 6 200 0 
Honnur Bile 200 0 
Early Hingar. 200 14 
Holalkere Hesri 200 16 
Zea mays 
Kashmir Sweet 50 30 
Golden Beauty 50 0 
Pearl Beauty 50 24 
Sweet Corn 50 0 








infection, whereas there was 10-30 per cent infection 
in the other varieties tested. Further studies are being 
made to find out conditions that will yield very high 
percentages of infections in the inoculation experi- 
ments, so that it will be possible to confirm the re- 
sistant nature of the above mentioned sorghum vari- 


eties. 
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Fic. 1-5. Fig. 1. Leaves of sorghum showing abundant conidial formation under laboratory conditions on lower leaf sur- 
face. Natural size. Fig. 2. Photomicrograph showing conidiophore bearing conidia. 420. Fig. 3. Photomicrograph show- 
ing germination of conidia by long germ tubes. & 800. Fig. 4. Photomicrograph of a portion of sorghum leaf infected with 
oospores of S. sorghi. & 560. Fig. 5. Photomicrograph of a_ portion of maize leaf cross-inoculated with conidia of S. sorghi 
from sorghum, and showing oospores in scattered manner. « 400. 
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THE ETIOLOGY, DEVELOPMENT, AND CONTROL OF TOMATO FRUIT TUMOR} 


Michael Treshow - 


SUMMARY 


In southern California, tomato fruit tumors fre- 
quently occur on 10-20 per cent of the mature 
green fruits in the field and increase in extent and 
frequency proportional to the amount of handling 
during the packaging operations. Tomato fruit tu- 
mors not only mark and discolor fruits. but may 
also provide courts of entry for certain decay fungi. 

Tomato fruit tumors were shown to be incited 
by rubbing the tomato fruits while still green. Al- 
though no visible cell damage resulted from rub- 
bing, experiments indicated that parenchyma cells 
just beneath the sub-epidermal collenchyma were 
torn apart momentarily. The mild wounding was 
adequate to stimulate responses that incited hyper- 
trophy and hyperplasia. 

Although a disorder similar to tomato fruit tumor 


was described by several workers as a manifestation 
of tobacco mosaic virus, this relation could not be 
established experimentally. 

Minimum and maximum temperatures for develop- 
ment of tomato fruit tumor were found to be 2] 
and 33°C respectively, and within this range the 
rate of tumor formation increased with temperature. 
Vapor pressure deficit and cuticle thickness did 
not appear to affect tumor initiation or development. 
However, cell maturity was an important factor in 
tumefaction. 

Tumors may be controlled effectively by allowing 
the green tomato fruits to ripen at 18°C. Occur- 
rence may be reduced by careful picking and field 
packing. Fruits in the pink or ripe stages of 
ma‘urity are not susceptible to tumor formation. 





Tomato fruit tumors have caused serious financial 
losses to California green tomato fruit shippers due to 
the unmarketable condition of large numbers of the 
fruits upon arrival in the eastern markets. Packing 
and storage tests indicated that tumors were prevalent 
on processed green tomato fruits and could be re- 
sponsible for the unmarketability of over 70 per cent 
of the fruits. Although the disorder has been ob- 
served on fruit in California packing houses for sev- 
eral years, little was known about tumor development 
or its prevalence in the field or during transit. The 
purpose of the work reported herein was to determine 
the etiology of tomato fruit tumor and study the fac- 
tors affecting its development so that effective methods 
of control could be established. 

SYMPTOMATOLOGY.—The first sign of tomato fruit 
tumor is a wrinkling of the affected area from which 
the tumor will later develop. Tumors are formed by 
hypertrophy and hyperplasia of cells in the affected 
area forming a slightly raised, succulent. and irregu- 
larly shaped intumescence. They do not spread later- 
ally but may rise to a height of 1-2 mm. As the 
fruits ripen, the tumors collapse and turn light brown. 

Green tomato fruits from Imperial. Riverside. San 
Diego, and Santa Barbara counties were inspected for 
the presence of tomato fruit tumors en fruits in the 
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field. Pearson, Pearson Shipper, Earliana, and Early 
Pak varieties were studied. 

The percentage of tomato fruit tumor in individual 
fields ranged from 7.9 to 66.7; an average of 18.8 per 
cent of 2000 fruits inspected were affected. Tumors 
initiated in the field rarely affected more than 1 per 
cent of the fruit surface (Fig. 1). Individual tumors 
were generally less than 1 cm in diameter but occa- 
sionally affected almost half of the fruit pericarp 
(Fig. 2). In contrast. tumors resulting from process- 
ing were commonly 2 or 3 cm in diameter and affected 
half of the fruit surface. 

Metruops.—Carefully picked, mature green tomato 
fruits were used in all laboratory tests. All tomatoes 
were inspected before treatment to ascertain that no 
tumors were already present; fruits showing mechani- 
cal injuries or in other than the mature green stage of 
maturity were discarded. 

\ tumor index. based on the percentage of fruit sur- 
face affected by tumors. was given each tomato used in 
the studies. Ratings of 0, 1, 2. or 3 were given for 
fruits having 0, 0-1, 1-5, or greater than 5 per cent 
of the fruit surface affected by tumors. respectively. 
No evaluation was given for the size of individual tu- 
mors or their height, since these were generally rather 
uniform on all fruits inspected. 

ETIOLOGY. Vethods. Injury-free, mature green 
fruits of the Pearson, Associated Pearson, and Burpee 
hybrid varieties were carefully picked and placed in 
paper bags. This sample, representing the field con- 
dition, consisted of 200 fruits with 10 replicates of 20 
fruits each. Fruit samples from the same field were 
put into standard picking boxes. A second sample was 
taken from the picking boxes after they reached the 
packing house and divided into lots of 10 replicates of 
20 fruits each. A third sample of 200 fruits was se- 
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lected after 


house processing, which consisted of washing, grad- 


completion of the customary packing 
ing, drying, and waxing the fruits. The selected fruits 
were wrapped and packed in standard shipping lugs. 
All the packed lugs were hauled to cold storage for 7 
days, after which they were taken to the laboratory 
to ripen. 

This experiment was first conducted at the beginning 
of the packing season on September 18 and repeated 
near the end of the packing season, October 20, so 
that a comparison could be made between tumors, 


injuries, and decays occurring on tomatoes early and 





3 


Fic. 1-4. 





Fig. 1. 


ing degree of severity sometimes observed. Fig. 3. 


grid at 115°C. Fig. 4. 


TOMATO FRUIT 


Typical tumor produced on green tomato fruit in the field. Fig. 2. 
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late in the season. Fruits were ripened at room tem- 


perature. Tomatoes indexed for after 
) 


about 2 weeks while most of the fruits were still green. 


were tumors 

To determine the number of tumors resulting from 
carelessness in picking or the use of different box 
types, 1 lot of mature green fruits was picked and 
placed in unlined wooden lugs, a second sample into 
cardboard lined lugs, and a third sample was picked 
and carefully placed into lugs lined with a heavy layer 
of newspaper. At the packing shed, 60 fruits were 
selected from each treatment, wrapped, and packed 
Fruits were further separated 


into commercial lugs. 





Unusually large field tumor show- 
Tomato fruit tumor resulting from contact of tomato shoulder to wire 
Infection of tomato fruit by Botrytis cinerea through a fully developed tumor. 
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according to whether they were selected from the top, 
bottom, or middle layer of the field lugs. After 2 weeks 
at room temperature, the tomatoes were unpacked and 
rated for tomato fruit tumor. 

Results——Tomatoes from the first harvest, on which 
tumor development on field packed and processed 
fruits was compared, received mean tumor indexes of 
0.17 for field, 0.23 for pre-pocessed, and 0.55 for post- 
processed samples. Tumors were significantly more 
abundant (at the 1 per cent level) on fruits selected 
after processing than on those from the other locations. 
However, there was no significant difference in the 
amount of tumors on fruits selected in the field and 
on those sampled from the field boxes at the packing 
house. Mean tumor indexes for the 3 varieties tested 
were 0.33 for Pearson, 0.34 for Burpee hybrid, and 0.28 
for the Associated Pearson and were not significantly 
different. 

At the October 20 harvest, the tomato fruit tumor 
index of 0.40 on fruit selected after processing was 
significantly greater at the 1 per cent level than the 
indexes of 0.09 and 0.03 for the pre-processed and field 
selected samples, respectively. Tumors were signifi- 
cantly (at the 5 per cent level) more abundant on 
pre-processed fruits than on the field packed fruits. 
Tumors were signficantly (at the 1 per cent level) 
more abundant on the earlier harvested fruits at all 
sampling stations. 

The mean tumor ratings for fruits picked carefully 
into lined lugs was 0.59; for fruits picked and thrown 
carelessly into lined lugs, 0.97; for the fruits picked 
and thrown carelessly into unlined lugs, 1.63. Tume- 
faction of fruits thrown into unlined lugs was signifi- 
cantly greater (at the 1 per cent level) than on fruits 
picked carefully into lined lugs. 

The greatest prevalence of tumors was on fruits in 
the bottom layer of the picking lugs. This was 
significant at the 5 per cent level. The difference was 
attributable largely to the extremely great develop- 
ment of tumors on the fruit sample thrown into 
unlined lugs. Sliding of fruits in these lugs was 
extremely conducive to tumefaction. There was no 
significant difference between indexes given fruits 
carefully put into lined lugs and fruits picked care- 
lessly into lined lugs regardless of their position in 
the lugs. 

FACTORS AFFECTING TUMOR DEVELOPMENT.—Physical 
incitants——Tomato fruit tumor formation appeared 
to be associated with rough handling during picking 
and processing. The possibility of pressure as a tumor 
incitant was investigated by pressing mature green 
fruits against smooth or rough surfaces with several 
pressures for up to 96 hours. Wrinkled indentations 
appeared on fruits in the area contacting the rough 
surface but these disappeared and fruits generally 
ripened normally without any tumefaction. Sudden 
impacts, such as dropping the fruits, also failed to 
induce tumors. 

Shoulders, sides, and blossom ends of 1 sample of 
fruits were rubbed with a rough shook such as used 
in shipping boxes. Additional fruits were rubbed with 
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6/0 sandpaper, glass, smooth lacquered wood, or soil. 
Tumefaction, induced by rubbing fruits with the rough 
shook, became greater with increased rubbing as long 
as the epidermis was not ruptured. Tumors were 
produced to a lesser extent by rubbing fruits with 
glass, smooth wood, or soil. The fine sandpaper 
ruptured the fruit surface and no tumors developed. 

The possibility of heat of friction serving as a 
tumor incitant was tested by touching the shoulders, 
sides, and blossom ends of mature green fruits to 
surfaces of known temperature. Typical tomato fruit 
tumors were produced when fruit contacted a surface 
held at 115°C (Fig. 3). 

Calculations showed that the maximum theoretical 
temperature rise possible by rubbing fruits, accord- 
ing to the laboratory methods used, was 26°C at the 
contact surface. The calculations were experimentally 
confirmed by using microthermocouples and a poten- 
tiometer to measure the temperature changes. It was 
concluded that heat of friction could not be an impor- 
tant tumor incitant. 

No injury, distortion, or derangement of cells was 
observed in either prepared or hand sections of 
tumors. However, suberin deposits occasionally found 
between cells underlying the epidermis indicated 
that some tearing apart of cells may have occurred. 

The possibility that a displacement of cells may have 
incited or activated a wound hormone, resulting in 
hypertrophy and hyperplasia, was considered. The 
“wound hormone,” traumatin, was applied to mature 
green tomato fruits at concentrations of 1, 10, or 100 
ppm. Fruits were inspected for tumors after 5 or 6 
days. Tumors developed beneath the areas on which 
the traumatin had been applied. No tumors were 
formed elsewhere on these fruits. 

Environmental and other factors.—Several factors 
which modified tumor development and prevalence on 
fruits from different areas at different times of the 
year were investigated. 

1) Cuticle thickness—-Mature green tomato fruits 
were selected at random in the field and sections cut 
from opposite sides of the fruits. Measurements of 
cuticle thickness were made, but no significant differ- 
ences were found between the cuticle thickness of 
tumor susceptible or resistant fruits. 

2) Sub-epidermal collenchyma thickness.—The sub- 
epidermal collenchyma might be expected to give 
some protection against tumor development since 
histological data showed that the first divisions in 
tumor formation generally occurred in the outer 
parenchyma. Work by Groth (3) and sections made 
of fruits from different areas in southern California 
indicated that the collenchyma tissue was commonly 
2-3 layers deep regardless of fruit variety or the area 
in which it was grown. 

3) Relative humidity—Effects of turgidity and 
atmospheric moisture on susceptibility of mature green 
fruits to tumor initiation were studied. One sample 
of fruits was soaked in water for 24 hours; another 
lot was held at a relative humidity below 20 per 
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cent for 96 hours. Fruits were then rubbed to induce 
tumor formation. Soaked fruits were noticeably more 
turgid than the other samples. Although tumors were 
less frequent on turgid fruits, the tumor indices did 
not differ significantly. 

The effect of relative humidity, or vapor pressure 
deficit, on tumor development was also studied. Fruits 
were rubbed and tumors incited before placing them 
in laboratory chambers of known vapor pressure 
deficit. It was found that tumors formed in 
equal abundance on fruits held at either high or 
low vapor pressure deficits. 


were 


1) Temperature.—The effect of temperature on the 
time required for tumor formation and the range of 
temperatures at which tumors would develop were 


studied. The time required for tumor formation at 
different temperatures was averaged and _ plotted 
against the temperatures (Fig. 5). 

The first visible signs of intumescences were 


observed within 21 hours at 33°C, but a longer time 
was required at lower temperatures. Tumors were not 
produced when fruits were ripened at temperatures 
below 21°C or above 33°C. 

Temperature was considered as a possible factor 
responsible for the lower susceptibility of fruits to 
tumefaction late in the growing season. Mean temper- 
atures prior to the first and second harvests were 
compared but found to differ insufficiently to cause 
any variation in tumor susceptibility. Maximum and 
minimum field temperatures, as well as the number of 
hours below 18°C or above 36°C, were also determined 
but found to have no effect on tumor susceptibility. 

The effect of temperature on the rate of maturation 
of fruits was investigated as a factor affecting tumor 
initiation. Fruits matured more slowly at low temper- 


atures and were in the green stage for a longer 
time. If tomato fruit tumor susceptibility were 


related to maturity, the period during which the fruits 
were in the green, or susceptible stage, might be an 
important factor in tumor susceptibility and develop- 
ment. 

5) Fruit maturity.—Experiments were designed to 
determine whether the more active cells of the fruit 
have a higher degree of susceptibility to tumefaction 
than less active cells, and whether resistance to tumor 
formation is a function of the maturity of the fruit. 
An analysis was made from field tests in which fruits 
in both the mature green and breaker stages of 
maturity were picked. Ten replicates of 20 fruits 
each were used for each treatment. One sample of 
each maturity was packed directly after picking while 
a second sample was processed in a commercial 
packing house. Both samples were packed in standard 
shipping lugs, held in cold storage 7-10 days, and 
ripened at room temperature. 

A mean tumor index for processed fruits of 0.79 
was given the fruits picked in the mature green stage 
as compared to 0.20 for those picked in the breaker 
stage. Field packed fruits were rated 0.20 and 0.0 for 


TOMATO FRUIT TUMOR 


RELATION OF TEMPERATURE TO RATE 
OF TUMOR FORMATION 








18 T 
a + x KK 
24- 
w 
o 
> 
ra 27 + t 
< 
a 
w 
a 
2 
w 
= 
30 + x x 
33 + x ¥ 
rn i 4 4 — 
T T T T TT 1 
20 30 40 $o 60 70 


HOURS REQUIRED FOR TUMOR FORMATION 


Fic. 5. The effect of temperature on the rate of tomato 
fruit tumor formation. 


fruits picked in the green and breaker stages, respec- 
tively. All the differences were significant at the 1 
per cent level. 

To obtain a more precise evaluation of the impor- 
tance of immature cells for tumor formation, fruits 
early in the breaker stage were used. At this stage, 
cells in the shoulder region were the least mature. 
Fruits were rubbed with a rough shook at the shoulder, 
side, and blossom ends to stimulate tumor formation. 


The mean shoulder tumor rating was significantly 
greater than that of the side or blossom ends at the 5 
per cent level. Apparently, maturity was important 
in the susceptibility of fruits to tumefaction, and 
tumors were most prevalent in the region of the 
least mature cells. The slower rate of fruit maturation 
may be one of the more important factors in the 
increased tumor susceptibility of coastal grown fruits. 

6) Viruses——Several workers (1, 2, 4, 5, 7) have 
described tumors of tomato fruits reported to result 
from tobacco mosaic virus infection. Tumors reported 
by Gardner (1) were anatomically similar to tomato 
fruit tumor but differed in external appearance. 

To ascertain whether tumor formation could be 
independent of a mechanically transmissible virus, 
fruits collected from plants in several fields were 
rubbed to stimulate tumor formation. Tumors which 
formed were crushed and inoculated into Nicotiana 
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glutinosa plants. Local lesions did not always develop 
on inoculated plants. Apparently, tumors may be 
formed on fruits not harboring tobacco mosaic virus. 

RELATIONSHIP TO FRUIT DECAYS.—Processed mature 
green fruits imspected after ripening were freqently 
severely damaged by Alternaria solani (Ell. & M. 
Martin) Sor.., Botrytis cinerea Fr., Pleospora lyco- 
persici El. & Em. Marchal, Rhizoctonia solani Keuhn., 
and Rhizopus nigricans Ehr. Inoculation experiments 
were conducted to determine the possibility of tumor 
infection by these organisms. Three treatments con- 
sisted of using healthy and injured mature green fruits, 
and green fruits affected with tomato fruit tumor. An 
atomizer was used to spray spore and mycelial sus- 
pensions of the fungi on 7 fruits for each treatment. 
Fruits were placed in a moist chamber. The experi- 
ment was replicated twice. 

Botrytis penetrated tumors readily (Fig. 4) and 
more consistently than the fruits punctured with a 
knife. Pleospora also infected fruits through tumors 
consistently and spread rapidly causing severe damage 
to the fruit. Rhizoctonia and Rhizopus inconsistently 
penetrated the fruits through tumors. No infections 
were obtained with Alternaria even on the injured 
fruits. Sound fruits were not affected by any of the 
organisms tested. 

Apparently tomato fruit tumor under laboratory 
conditions may serve as a court of entry for 2 of the 
more important decay fungi of tomato in southern 
California. 

Contro_.—The amount of tomato fruit tumor pro- 
duced when fruits were carefully picked and placed 
in paper bags or lined boxes was negligible and 
significantly less than when fruits were picked into 
unlined lugs. Consequently, careful picking into lined 
lugs would lessen the amount of tumors formed. 
More tumors would be initiated by the pre-packing 
processing, but these could be effectively controlled 
by following careful picking with field packing, or 
modifying the processing equipment so that it would 
be less damaging to the fruits. 

Exposure of mature green fruits to 36°C or 18°C 
for as long as 96 hours did not inhibit tumor formation. 
However, tumors did not develop on fruits ripened at 
18°C. A ripening temperature of 18°C would not only 
serve as an adequate control of tomato fruit tumor 
but would also be superior for the best fruit quality. 

Discussion.—The earliest report of tumors on 
tomato fruits was by Selby (7) in 1896. He described 
the disorder, which was referred to as oedema, and 
considered it to be a manifestation of winter blight, 
which was later shown to be tobacco mosaic. Affected 
fruits were found on both apparently healthy plants 
and those showing typical tobacco mosaic symptoms. 

Orton and McKinney (5) in 1915, described irregu- 
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lar or circular, light chocolate brown tumors, 4% mm 
to 2 ecm in diameter, which frequently appeared prior 
to the expression of tobacco mosaic virus symptoms. 

McKay (4) in 1921, reported the occasional presence 
of irregularly shaped intumescences on fruits of plants 
severely affected by tobacco mosaic virus. The tumors 
were especially prevalent on fruit formed in a cluster. 
Only the epidermis and a few underlying cells appeared 
affected. 

In 1922, Gardner and Kendrick (2) described a 
necrosis and hyperplasia of tomato fruits. The elevated, 
translucent areas of irregular size and shape occurred 
mostly on green fruits. Tumors were attributed to 
tobacco mosaic virus since they were generally 
associated with leaf symptoms of the virus. 

Ramsey et al, (6) in 1952, described a disorder 
called waxy blister, which was not attributed to an 
organism. Tumors were observed on California- 
grown green fruits in eastern markets during fall and 
winter months. The blisters. or tumors, were irregular 
in shape and generally 1x, in. high. They were smooth 
and turgid on green fruits but became brown and 
wrinkled as the fruits ripened. Ramsey considered 
that the overgrowths resembled oedemas believed to 
be incited by certain chemicals or viruses, but that 
their cause had not yet been determined. 

The terms “blister” and “oedema,” which have been 
used to describe tomato fruit tumors, both imply that 
the swelling of the tissue is due to an excess of some 
fluid. The word “tumor,” which implies cell enlarge- 
ment and division, would seem to be the most descrip- 
tive and useful name, since this disorder has been 
shown to result from hypertrophy and hyperplasia of 
pre-existent tissue. The name “tomato fruit tumor” is 
proposed for the intumescences occurring on tomato 
fruits. 

\lthough no disorientation of cells was noticeable 
after rubbing green fruits, suberin deposits in the 
intercellular spaces of the sub-epidermal collenchyma 
suggested that pulling apart of cells had occurred. 
It is believed that this derangement of the cells is 
sufficient to incite activity of a wound hormone, such 
as traumatin. Application of traumatin has _ been 
shown to initiate tumors on green tomato fruits. 
More general tumor incitants, such as heat or rubbing, 
are considered to constitute a mild wounding, which 
causes the initiation or activation of the wound 
hormone. Tomato fruit tumor appears to be funda- 
mentally of a physiological origin and regulated by 
mechanisms similar to those of other growth sub- 
stance responses. 
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FIELD APPLICATIONS OF FUNGICIDES! 


John M. Harvey 


SUMMARY 


Use of protective fungicides in the field as an 
adjunct to post-harvest sulfur dioxide fumigation 
has significantly reduced decay in stored Emperor 
grapes. Captan  (-trichloromethylthio ) -4-cyclo- 
hexene-1.2-dicarboximide), B-622 (2,4-dichloro-6- 
(o-chloroanilino)-syn-triazine) and Crag 5400 (a, 
a-trithiobis (V-dimethylthioformamide) )  signifi- 
reduced due to Botrytis cinerea in 


cantly decay 


years when this organism was a major cause in 
grape decay. Grapes treated with tetrachloronitro- 
benzene had significantly more decay than untreated 
checks. The relatively small portion of grape decay 
caused by Cladosporium herbarum and by species 
of Alternaria and Stemphylium in the test plots 
was not affected significantly by the fungicides 
tested. 





California table grapes are fumigated with sulfur 
dioxide (1, 6, 9, 20) immediately after packing and at 
intervals while they are in cold storage. Under 


laboratory conditions, fumigation kills fungus spores 
or mycelium on the surface of grapes but does not kill 
fungus mycelium that has already invaded the tissue 
of the 
largely to incipient field infections not detectable at 


berry. Decay that occurs in storage is due 
harvest. The organisms that cause decay further invade 
the tissue of individual infected berries during storage 

l Sulfur 


and may spread by contact to sound ones. 
the development of 


inhibit 
surface mold and spread by contact of decay organisms 


dioxide fumigation can 
but cannot prevent their growth within berries infected 
in the field. 
an appropriate fungicide in the field would, therefore, 


Preventing field infections by applying 


greatly reduce the losses from decay which often occur 
in stored grapes. 

The fungi that commonly cause decay in stored 
grapes are Botrytis cinerea, Cladosporium herbarum, 


these. B. 


cinerea is usually the most important, although the 


Alternaria sp. and Stemphylium sp. Of 
percentage of decay caused by any one of the organ- 
isms mentioned seems to vary greatly from one vine- 
yard to the next. 

Three types of decay symptoms are produced by the 
organisms listed. Decay caused by B. cinerea (15) is 
rather soft and in 
localized in the tissues just below the epidermis. A 


and brown its early stages is 
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aration of test samples and their detailed examination after 
treatment. 


slight pressure applied to the berry causes the epider- 
mis to separate from the underlying tissue, a charac- 
teristic which leads the trade to refer to this type 
of decay as “slip skin.” In the more advanced stages 
of decay the whole berry becomes brown, soft, and 
watery. A gray growth of mycelium and conidia may 
cover the surface of berries infected with Botrytis, 
although these signs of the fungus are often absent 
when grapes receive regular fumigation with sulfur 
dioxide. 

Decay caused by C. 
firm. 


herbarum is black and fairly 
At 32°F, growth of this fungus is slow and. 
consequently, decayed areas are usually localized and 
rarely extend over the whole berry as does botrytis 
decay. 

Under storage conditions Alternaria and Stemphy- 
lium spp. grow more slowly than either B. cinerea or 
C. herbarum. They produce localized black or dark- 
brown decayed areas, typically found at the capstem 
attachment to the berry. The capstem is easily removed 
from the berry since the fibrous conductive tissue 
(“brush”) that leads into the berry from the capstem 
is attacked. {lternaria and 
Stemphylium may occasionally be isolated from other 
parts of the berry where they cause symptoms similar 
to those caused by Cladosporium. 

METHODS AND RESULTS. 


However. species of 


Preliminary tests (5) con- 
ducted in 1951 with captan (N-(trichloromethylthio) - 
t-cyclohexene-1,2-dicarboximide) (10, 11) indicated 
that this material is effective in reducing decay in 
stored grapes. The combination of field applications 
of captan with sulfur dioxide fumigation in storage 
was more effective in controlling decay than was 
either of these treatments alone. 
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Tasie 1.—Field fungicide treatments and decay in stored Emperor grapes, 1952 





Field Application on indicated 
treatment July 2 Aug. 6 Sept. 14 
Check 
Captan 
Captan* X X X 
TCNB?” 

TCNB? X 


ac 


5% N-(trichloromethylthio) -4-cyclohexene-1,2-dicarboxim 
name “Orthocide 50.” 


Decay in stored grapes 


No fumigation + Fumigation + 


date 2-month storage 4-month storage 
Sept. 25 Oct. 16 (per cent) (per cent) 
2.4 4.3 
X X 1.4 3.0 
X X 13 
X X 5.4 4.: 
X rf 2.5 3.0 


ide, supplied by California Spray Chemical Co. under the trade 


» 3% tetrachloronitrobenzene, supplied by Sterwin Chemicals, Inc. under the trade name “Fusarex.” 


In 1952 a more extensive experiment was designed to 
test the efficacy of captan and tetrachloronitrobenzene 
(TCNB) in controlling decay in stored Emperor 
grapes. The latter material had been reported to 
control the Botrytis diseases of lettuce (3, 4, 12, 17, 
18). Both materials have been reported to be effective 
against species of Cladosporium (7, 8, 19). 

Plots consisted of 12 vines each and were arranged 
in a Latin square design with 5 treatments and 5 
replications. A total of 300 vines was used. The plots 
were separated by buffer zones of 2 untreated vineyard 
rows and by 4 vines in the rows. The treatments are 
indicated in Table 1. 

Approximately 5 lb. of dust was applied with a 
rotary Niagra type hand duster to the 60 vines used 
for each treatment. This was the equivalent of about 
38 lb. of dust per acre. Regular commercial applica- 
tions of sulfur dust for powdery mildew control were 
also made during the period of the test. 

Fruit was harvested from the test plots on October 
23, 1952, and 12 composited samples were prepared 
from the fruit from each plot. Six of the samples from 
each plot were fumigated initially with a 1 per cent 
concentration of sulfur dioxide and were fumigated 
subsequently during storage with 14 per cent sulfur 
dioxide at 14-day intervals. The remaining 6 samples 


TaBLE 2.—Field fungicide treatments and decay in Emperor 


\ pplication on indicated 
Field treatment July 14 Aug. 12 Sept. 1] 
Check 
Captan, spray" X X X 
Captan, spray* X 
Captan, dust” __ X X X 
Captan, dust” _ a: X 
B-622, spray" X X X 
B-622, dust” _ X X X 
TCNB, dust* od X X X 
Crag 5400, dust* = -—Ss X X X 
L.S.D.5% 





were not fumigated while in storage. Temperature 
during storage was 31-32°F. Nonfumigated fruit was 
examined for decay development after a 2-month 
storage period and fumigated fruit was examined 
after 4 months. 

The average percentage of decay which occurred 
in grapes that received treatment 3 is considerably 
less than that which occurred in the check grapes or 
in those that received the other treatments (Table 1). 
This was true irrespective of fumigation in storage. 
Analysis of variance of the data showed, however, that 
neither differences in decay due to treatment nor 
differences due to position in the vineyard were 
significant at the 5 per cent level. The fact that the 
season was particularly dry during ripening and 
harvest of the grape crop made it extremely good for 
grape storage and consequently poor for testing 
fungicides. Decay percentages were low even in the 
checks. 

In 1953, further tests with captan and tetrachloro- 
nitrobenzene were made for decay control. Experi- 
mental fungicide B-622 (2,4-dichloro-6-(o-chloroan- 
ilino)-syn-triazine) supplied by the Ethyl Corporation, 
and Crag Experimental Fungicide 5400 (a. a- 
trithiobis (V-dimethylthioformamide} ) supplied by the 
Carbide and Carbon Chemicals Company were also 


grapes, 1953 


Grapes decayed 


date At harvest After storage Total 
Oct. 19 (per cent) (per cent) (per cent) 

— 1.] 4.8 5.9 
X 0.1 0.8 0.9 
X 0.1 0.5 0.6 
bs 0.1 0.5 0.6 
X 0.2 Le 1.9 
xX 0.1 1.1 1.2 
X 0.1 13 1.4 
X 2.4 9.8 12.2 
X 0.1 1.1 1.2 

0.6 1.1 2.5 


*2 lb. 50% active ingredient per 100 gal. of water applied at the rate of 120 gal. per acre. 


»5% active ingredient applied at the rate of 45 lb. per acre. 
© 3% tetrachloronitrobenzene applied at the rate of 45 lb. pe 
*6% (a, a-trithiobis(N-dimethylthioformamide) ) applied 


r acre. 
at the rate of 45 lb. per acre. 
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tested. Fungicide treatments and dates of application 
are shown in Table 2. 

Each plot consisted of 6 Emperor vines, 2 in each of 
3 adjacent vineyard rows. These were replicated in 
5 randomized blocks. Untreated buffer zones bordered 
each plot. Dusts were applied with a rotary-type duster 
and the spray mixtures were applied with a knapsack 
hand sprayer. 

On October 27-29, 1953, the total crop was harvested 
from the half of each of the 6 vines toward the center 
of each plot. In the laboratory the total harvest of 
fruit for each plot was weighed and all decayed 
berries were removed and weighed. There was ne 
evidence that yield was affected by any of the treat- 
ments. Samples, approximately 25 lbs. in weight, were 
composited from the fruit from plot. These 
samples were fumigated intially with a 1 per cent 
concentration of sulfur dioxide, were stored at 31-32°F, 


each 


and were fumigated subsequently with 44 per cent 
concentrations of gas at 14-day intervals. After a 


3-month storage period, the grapes were removed from 
storage and examined for decay. Decay was separated 


by symptoms into 3 classes based upon the causal 
organism. Decay occurring at harvest and after 
storage is shown in Table 2. 

Statistically significant differences between treat- 


ments were obtained both at harvest and after storage. 
At harvest, grapes that had been treated with all the 
materials except TCNB had significantly less decay 
than the check, but grapes treated with TCNB had 
significantly more decay. Decay control exhibited by 
the treamtents at harvest was apparent after 
the fruit was in storage for 3 months (Table 2). After 
storage, grapes treated TCNB also had 
decay than the check. 


also 


with more 


Both at harvest and after storage, certain lots of 
grapes treated B-622 injured. Injury 
appeared to be greater when the material was applied 


with were 
to the grapes as a spray than when applied as a dust. 
Grapes injured by this material had a leathery, some- 
what shrunken appearance and dark-brownish patches 
of color. 

Of the decay that occurred in the stored grapes, 
80.3 per cent was caused by Botrytis cinerea, 9.5 per 
cent by Cladosporium herbarum, and 10.2 per cent 
by Alternaria and Stemphylium spp. Analysis of vari- 
ance showed that the interaction between type of decay 
and treatment (Table 3) was highly significant. 
Decay caused by Botrytis was significantly reduced by 
several of the treatments, but only slight differences 
due to treatment were shown for rot caused by Clado- 
sporium or by Alternaria and Stemphylium. 

Discussion.—Under the conditions of this series of 
experiments, preharvest field applications of fungicides 
significantly reduced from decay in stored 
Emperor grapes in 1951 and 1953 when decay was a 
serious problem. In 1952, when there were only slight 
losses from decay, no significant benefit was derived 
from any of the fungicidal treatments. Since the organ- 
isms causing decay in stored grapes are widely dis- 


losses 
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tributed and wind borne and the fungicides were 
applied to relatively small scattered plots, the mode 
of action of these materials appears to be one of 
protection. If more extensive applications of such 
were made, 
would also 


fungicides eradicative 
into play. Powell (14) 
demonstrated that control of gray mold on strawberries 
is related to a reduction of the spore population in 
treated plots. He found that treated strawberries in 
rows adjacent to untreated check plots had more decay 
than strawberries in the center of a treated plot. 


conceivably an 


action come 


Dusts are more practical than sprays for use on 
California table grapes since dusting equipment is 
available on most farms whereas spraying equipment 
is not. It is a standard practice to dust grapes with 
sulfur for powdery mildew control. The application of 
sulfur might well be combined with the application 
of a compatible fungicide such as captan without addi- 
tional labor costs. When properly applied, the dusts 
used in the 1953 test controlled decay as well as sprays 
and did not leave an unattractive residue which would 
affect the marketability of the fruit. In both 1952 and 
1953, better control of decay was obtained when ap- 
plications of dusts were started in July than when 
started in September. In July, the berries are still 
small and free from one another in the cluster, allow- 
ing good coverage with dusts. Complete coverage is 
difficult after the berries have matured and formed a 
tight cluster. 

Grapes treated with tetrachloronitrobenzene had 
significantly more decay than those in the check or any 
of the other treatments. Control of Botrytis on lettuce 
with this material has been reported by several authors 
(3, 12, 17, 18). It has been used to inhibit sprouting 
of potatoes (2) and Smieton and Brown (18) have 


TaBLe 3.—Field treatment vs. 
Emperor grapes, 1953 


type of decay in stored 


Decay caused by 


Field Botrytis Cladosporium  Alternaria and 
treatment cinerea herbarum Stemphylium spp. 
(percent) (percent) (per cent) 

Check 4.5 0.1 0.2 
Captan, spray, 

4 applications 0.5 0.1 0.2 
Captan, spray, 

2 applications 0.2 0.2 0.1 
Captan, dust, 

4 applications 0.4 0.1 0.1 
Captan, dust, 

2 applications 1.4 0.1 0.2 
B-622, spray, 

4 applications 0.3 0.1 0.6 
B-622, dust, 

4 applications 0.7 0.2 0.4 
TCNB, dust, 

4 applications 8.7 0.9 0.3 
Crag 5400, dust, 

4 applications 0.6 0.3 0.2 
L.S.D. 5% 0.9 
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shown that it delays the maturity of lettuce. Tetra- 
chloronitrobenzene has been reported to cause muta- 
tions (13) in cultures of Fusarium caeruleum (Lib.) 
Sacc. and to give rise to saltant strains of Botrytis and 
Alternaria that are resistant to its action (16). The 
fact that more decay occurred in grapes treated with 
this chemical may possibly be explained by one or 
more of these effects on the host and the pathogen. 

In the vineyard where the tests were made, over 80 
per cent of the decay was caused by Botrytis cinerea 
and approximately 20 per cent was due to other or- 
ganisms. Only the decay caused by B. cinerea was 
significantly reduced by field treatments with fungi- 
cides (Table 3). Since the percentage of decay caused 
by Cladosporium herbarum and species of Alternaria 
and Stemphylium was very small, the effect of the 
fungicides on those organisms could not be properly 
evaluated. In another vineyard observed by the au- 
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thor, as much as 78 per cent of the decay was caused 
by C. herbarum and species of Alternaria and Stem- 
phylium. Where these fungi are the major cause of 
grape decay, possibly their control by applications of 
these fungicides in the field could be demonstrated. 

The control of field infections with fungicides, how- 
ever, does not obviate the need for sulfur dioxide fumi- 
gation in storage. Without fumigation, post-harvest 
infections would not be controlled. Sulfur dioxide 
also serves to preserve the desirable light-green or 
straw color of the stems, which would turn black 
without fumigation. 
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SPORULATION IN PURE CULTURE BY STEMPHYLIUM SOLANI? 


Urban L. Diener? 


SUMMARY 


Stemphylium solani produces conidia rather 
sparsely when grown in culture media. With a 
concentration of 12-20 per cent V-8 juice in the 
agar medium, a pH of 4.1-9.1, a temperature be- 
tween 20 and 30°C, and a period of 5 minutes ex- 
posure to radiation from a WL-30 tube, profuse 
growth and copious production of conidia were ob- 


tained. It was determined that radiant energy of 
wave lengths 312-546 my was primarily involved in 
the stimulation of conidial formation. Thus, with 
a vegetable juice medium (V-8) and ultraviolet 
radiation, abundant sporulation was readily pro- 
duced in culture. 





The development of a method for inducing abundant 
sporulation of Stemphylium solani Weber in pure cul- 
ture was a prerequisite to a study of host-parasite 
of the leaf of 
(Lycopersicon esculentum Mill.). The relation of me- 


relations gray spot disease tomato 
dia, light, and other factors to conidial production in 
culture was also studied. 

The sparse sporulation by S. solani in culture was 
noted by Andrus et al (1) and Hendrix (6). Hendrix 
reported that approximately 20 different cultural media 
failed to promote greater sporulation than potato- 
dextrose agar. Using potato-dextrose agar plates in- 
oculated with small pieces of tomato leaf tissue con- 
taining gray leaf spot lesions, Hendrix and Frazier 
(7) induced sporulation by combining the scraping 
procedure of Kunkel (8) and ultraviolet irradiation 
as reported by McCallan and Chan (9). This pro- 
cedure and numerous other media and methods were 
investigated before promising results were obtained by 
the writer (4) with a “V-8"% medium, as prepared by 
Etchells and Bell (5), and ultraviolet irradiation. This 
vegetable-juice medium was first used by Wickerham 
et al (13) at the suggestion of Henrici. 

MATERIALS AND METHODS.—The fungus used in this 
study was a single-spore culture isolated from dis- 
eased tomato leaves collected at Oxford, North Caro- 
lina, in October 1949. and designated as Stemphylium 


solani 0-5. This isolate was similar to isolates 313-1 


1 Accepted for publication November 2, 1954. 

A portion of a thesis submitted to the graduate faculty of 
North Carolina State College in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy in 


Plant Pathology. The writer is indebted to his advisor, 
Dr. D. E. Ellis, and to Dr. C. J. Nusbaum for assistance 


during the period of the work and for criticisms of the 
manuscript. 

Published with the approval of the Director as Paper No. 
582 of the Journal Series, North Carolina Agricultural Ex- 
periment Station. 

2 Assistant Plant Pathologist, Alabama Polytechnic Insti- 
tute, Auburn, Alabama. Formerly Graduate Assistant in 
Plant Pathology, North Carolina Agricultural Experiment 
Station. 

3 The trade name of a commercially-canned product man- 
ufactured by Campbell Soup Company. 
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and 317B-1 obtained from Dr. C. F. Andrus* in its 
rate of growth, conidial size, and other morphological 
and cultural characteristics. 

The vegetable juice V-8 is a combination of juices 
from 8 vegetables. Although predominately tomato 
juice, it also contains juices from carrot, celery, beet, 
parsley, lettuce, spinach, and watercress. Sodium 
chloride and monosodium glutamate are also added 
in its preparation. The pH of V-8 juice is about 4.3— 
4.5. 

The source of ultraviolet radiation was a Westing- 
inghouse Sterilamp equipped with a WL-30 lamp 
(now a G30T8) emitting radiations from 253.7 to 578 
my. This germicidal lamp® radiates about 80 per cent 
of its energy at 253.7 my. Petri dish plates with covers 
intact were exposed for 5-6 minutes at a distance of 15 
cm from the energy source. 

The vegetable juice medium was prepared by mix- 
ing 200 ce of V-8 juice with 800 cc of water plus 20 g 
of agar and adjusting the pH to 6.0 with 10 per cent 


sodium hydroxide. The pH after autoclaving was 
about 5.8. 
Resutts.—Culture media——To determine the opti- 


mum concentration of V-8 in the medium for maxi- 
mum sporulation, a series of media was prepared con- 
taining different percentages of V-8 juice. The V-8 
media were inoculated with Stemphylium solani and 
maintained at 28°C. for 5 days and then exposed to 
ultraviolet radiation for 5 minutes with the petri dish 
covers intact at a distance of 15 cm from a Westing- 
house WL-30 tube. Twenty-four hours later, the rela- 
tive yield of conidia in each plate was determined. The 
conidia in 8 random low-power microscope fields on 
each plate were counted. To calculate the number of 
conidia per plate the average of the 8 fields was 
multiplied by a converison factor involving the spore- 
producing area. Data on growth and relative conidial 
production are shown in Table 1. There was no dif- 
ference statistically in the yield of spores obtained on 


4U.S.D.A. Southeastern Vegetable Breeding Laboratory, 
Charleston, South Carolina. 

5 Data Sheet ASC-153, Westinghouse Electric Corpora- 
tion, Bloomfield, New Jersey. 
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Taste 1.—Growth and sporulation of Stemphylium solani 
on agar containing various concentrations of V-8 juice, 
after ultraviolet irradiation 





Calculated 


Concentration Diameterof Sporulation 
of V-8 in colony after band width no. of spores 
medium in % 5 days inmm in mm per plate* 
1 38.7 0.8 180 
2 37.8 2.0 1217 
4 34.7 3.8 5002 
8 34.3 3.7 13461 
12 34.3 4.2 26754 
16 43.0 4.5 31245 
20 42.7 4.3 30895 
32 44.7 3.5 19826 
48 50.2 3.5 15269 


64 45.0 . ’ 





* Average of 3 replications. Least significant difference 


of 6970 at 0.01. 

>The spores could not be counted on the 64 per cent V-8 
agar as the microscope light did not penetrate the dense 
medium and compact vegetative growth of the fungus. 


12, 16, or 20 per cent V-8 media after irradiation. 
Figure 1 shows the series of V-8 cultures before and 
after irradiation. 

Tomato juice, carrot juice, and monosodium glu- 
tamate, which are some of the known components of 
V-8 juice, added to water agar or “Difco”® 
potato-dextrose agar in varying proportions to deter- 


were 


mine the source of the substance that induced sporu- 
lation of the fungus following irradiation. Growth, but 
no sporulation following irradiation, occurred on 4, 8, 
and 16 per cent carrot-juice agar or potato-dextrose 
agar plus 4, 8, and 16 per cent monosodium glutamate. 
Growth and sporulation after irradiation were observed 
only on 4, 8, and 16 per cent tomato-juice agar. 
Light—Cultures of S. solani on 20 per cent V-8 
agar medium maintained at 28°C. for 
placed 15 cm from the source of ultraviolet radiation 
and then exposed for varying periods of time with the 
petri dish covers removed and intact. With the petri 
dish intact, from 144-12 minutes 
were found to produce abundant sporulation of S. 
solani on the V-8 medium. Exposures as long as 15 
hours evidently had no detrimental effect on the fun- 


5 days were 


covers exposures 


6The trade name of a product manufactured by Difco 
Laboratories. 
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Fic. 2. Spectral distribution of radiant energy as emitted 
by the WL-30 lamp and transmitted by pyrex glass. 


From spectograms’ and manufacturer’s data,® 
it was determined that most of the radiation that 
reached the cultures was between 312 and 546 mu. 
The WL-30 tube produced radiation from 254-578 
my, but little radiation below 300 my and none below 
280 my was transmitted by the pyrex petri dish cover. 
Figure 2 shows the curve of radiation, which reached 
the cultures, as calculated from data of the spectral 
distribution of radiant energy produced by the lamp 
minus the percentage of energy at the various wave 
lengths not transmitted by pyrex glass. 


gus. 


With the petri dish covers removed, exposure to 
radiation from the WL-30 tube for 30 seconds or more 
killed or severely depressed the aerial hyphae, re- 
tarded vegetative growth, and failed to induce coni- 
dial formation. As more than 80 per cent of the energy 
radiated by this lamp is 254 my, these results are 
similar to those reported by Bovie (3) and Ramsey 
and Bailey (10). 


7 The assistance of Prof. Gordon Hughes of the Physics 
Department of the Alabama Polytechnic Institute, Auburn, 
Alabama, in making these spectograms is gratefully ac- 
knowledged. 

8 Westinghouse Electric Corporation, Chamblee, Georgia, 
and the Corning Glass Works, Corning, New York. 


Fic. 1. Growth and sporulation of Stemphylium solani on agar containing various concentrations of V-8 juice, before 
and after ultraviolet irradiation. A) (Top row, left to right) PDA, 2 per cent V-8, 4 per cent V-8, (Center row, left to 
right) 8 per cent V-8, 12 per cent V-8, 16 per cent V-8, 20 per cent V-8, (Bottom row, left to right) 32 per cent V-8, 48 
per cent V-8, 64 per cent V-8. B) The same cultures 28 hours after irradiation. 
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Fic. 3. Growth of Stemphylium solani on V-8 agar adjusted to various hydrogen-ion concentrations. Top row, left to 
right) pH 2.6, 3.3, 4.3, 5.9. Bottom row, left to right) pH 6.4, 7.6, 9.4, 10.0. 


Repeated irradiations from the WL-30 tube at 24- 
hour intervals induced a band of spores with each ex- 
posure. Between 2 bands ot spores was an area ol 


vegetative hyphae. By shortening the time intervals to 
12 or 15 hours, a broad. continuous band of conidia 
was produced. After 3 irradiations, the initially in 
duced conidia would start to germinate in situ in 


about 48 hours. 


Exposure of cultures to radiation from GE No. 2 
photofloods for 5-10 minutes at 60-80 cm and from 15 
watt fluorescent lamps for %—2 hours at 10-20 cm 
also induced abundant sporulat According to the 
manufacturer's data,” a 1000-watt photoflood lamp and 
a 15-watt fluorescent lamp emit about 10 times and 
as much radiant energy, respectively. between 280 and 
380 My as the 30-watt germicid mercury lamp 

Hydrogen-ion concentration The effect of hydro- 
gen-ion concentration on growth and sporulation of S. 
solani was observed on a pH series, ranging from 2.6 
10.0 in 20 per cent V-8 agar. Growth after 5 days at 
8 different pH levels is illustrated in Figure 3. There 
was little variation in growth from pH 4.3-7.6. Other 
experiments extended the range for profuse growih 
from approximately pH 4.1-9.1. Twenty-four hours 
after irradiation, abundant sporulation was noted from 
pH 4.1-9.1. Some conidia were produced without ir- 
radiation at pH 4.0—4.5 on the V-8 medium. 

Temperature.—The effect of temperature on the 
growth of S. solani on potato-dextrose agar was deter- 

® Information sheet LS-135, General Electric Engineering 


Division, Lamp Department, Cl Ohio 


mined by placing a series of plates in chambers rang- 
ing 4°C from 8-32°C. From several experiments the 
cardinal temperatures were found to be about 8°C, 
24-28°C, and above 32°C, which were similar to those 
reported by Weber et al (12). Growth of S. solani 
on 20 per cent V-8 agar exceeded that on potato- 
dextrose agar by about 16 per cent at 24°C. Copious 
sporulation following irradiation of cultures on the V-8 
medium was observed over a range of temperatures 
from 20—30°C, 

Discussion.—The spore-producing method of Hen- 
drix and Frazier (7) utilizes fresh tissue lesions for 
each set of cultures, which requires a constantly avail- 
able supply of naturally infected or inoculated plants. 
Contaminating organisms may be introduced while 
scraping the cultures. It is difficult to distinguish the 
lesions incited by Alternaria solani and Septoria lyco- 
persici from those of Stemphylium solani in the early 
stages of infection. Hence, other leaf spot organisms 
might develop with the use of tissue transplants. 

The V-8 medium-irradiation method for inducing 
sporulation permits the inoculum to be maintained in 
stock cultures. Petri dish cultures are not opened 
until the conidial inoculum is prepared. The time re- 
quired to produce a large supply of conidia is also 
considerably shortened. 

Some sporulation was observed in 20 per cent V8 
agar adjusted to a pH of 4.0—4.5 prior to irradiation. 
The number of conidia was calculated to be 2,000- 
5.000 per plate. After irradiation these plates pro- 
duced the usual band of conidia. 
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Direct radiation of S. solani cultures on V-8 agar 
with wave lengths of 254-546 mp did not stimulate 
sporulation but incurred inhibitive and possibly lethal 
effects. McCallan and Chan (9) had obtained the 
greatest sporulation of Alternaria solani with radia- 
tion from 249-254 mp and wave lengths above 460 my 
were found to be ineffective. Ramsey and Bailey (10) 
also reported the greatest sporulation with Macro- 
sporium tomato and Fusarium cepae with radiations 
from 254-280 my and only slight stimulation between 
312-333 mp. Stevens (11) and Bailey (2) had previ- 
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ously reported that only wave lengths in the ultra- 
violet from 230-302 my were effective in spore pro- 
duction. With the addition of a pyrex petri dish cover, 
which did not transmit radiations from 254-302 my to 
any degree, heavy sporulation of S. solani resulted. 
Thus, conidial formation by S. solani appeared to be 
stimulated by radiant energy in wave lengths from 
312-546 my. 


NortH CAROLINA STATE COLLEGE 
RALEIGH, NORTH CAROLINA 
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THE THREE COMPONENTS OF SQUASH MOSAIC VIRUS! 


Robert V. Rice, George D. Lindberg, Paul Kaesberg, 
J. C. Walker, and Mark A. Stahmann 


SUMMARY 


Squash mosaic virus preparations, when isolated 
from small sugar pumpkin plants or wild cucumber 
plants by a combination of acid precipitation and 
differential centrifugation, showed 3 components in 
the ultracentrifuge, but only 1 schlieren peak upon 
electrophoresis at 4 pH values. The isoelectric 
point was 4.65 and the sedimentation coefficients 
were 111 S, 88 S, and 65 S (S = Svedberg units). 


The relative amounts of the components were con- 
stant (34, 62, and 4 per cent respectively) when 
isolated from plants infected from 1 to 8 weeks. 
The top component (56 S) obtained by the use of 
an ultracentrifuge separation cell was not infec- 
tious and seemed to contain less nucleic acid than 
the other 2 components. Some of the virus parti- 
cles appear as polyhedrons under the electron 
microscope. 





While studying the physical and biochemical prop- 
erties of a virus originally isolated from wild cucum- 
ber plants the infectious entity was found to be asso- 
ciated with three high molecular weight components. 


I Accepted for publication November 8, 1954. 

Published with the approval of the Director of the Wis- 
consin Agricultural Experiment Station. Supported in part 
by research grants from the University Research Commit- 
tee, The National Institutes of Health (grant No. E 101), 
and the Herman Frasch Foundation. Appreciation is ex- 
pressed to Professor P. P. Cohen and J. W. Williams for 
the use of the analytical centrifuges. 


From a study of plant hosts and symptoms, insect vec- 
tors, and serological properties the virus has been iden- 
tified as squash mosaic*: 4.5 (SMV). 


* Lindberg, G. D., D. 
In preparation. 

3 Takahashi, W. N., and T. E. Rawlins. 1947. An elec- 
tron microscope study of squash mosaic virus. Amer. Jour. 
Bot. 34: 271-72. 

* Takahashi, W. N. 1948. Crystallization of squash mo- 
saic virus. Amer. Jour. Bot. 35: 243-245. 

5 Freitag, J. H. 1952. Seven virus diseases of cucurbits 
in California. (Abs.) Phytopathology 42: 8. 


H. Hall, and J. C. Walker. 1954. 
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The virus was isolated by grinding leaves from me- 
chanically inoculated small sugar pumpkin plants, 
expressing the juice through cheese cloth, centrifug- 
ing the juice for 30 minutes at 1,000 * G, and then 
adjusting the supernatant to pH 5.00 with 10 per cent 
(v/v) acetic acid. At this pH the green debris can be 
removed by centrifuging for 15 minutes at 1,000 < G, 
leaving a lightly yellow colored supernatant. Two 
cycles of differential centrifugation in the Spinco 
model L centrifuge with the number 30 rotor at 10,000 
rpm (average centrifugal force 8.700 K G) for 15 
minutes and at 30.000 rpm (average centrifugal force 
78,400 < G) for 90 minutes gave a slightly brown col- 
ored pellet. Additional cycles were found to give 
lighter colored virus pellets, but did not change the 
number or appreciably change the relative amounts of 
the 3 components. 


When the virus solutions were examined in the 
analytical centrifuge in sodium actetate (pH 4.75), 


sodium cacodylate (pH 6.0), or tris (hydroxymethy]) 
amino methane (pH 7.5) buffers at 0.10 ionic strength, 
3 schlieren peaks were found. Fig. 1, A shows the pat- 
tern obtained in the Spinco analytical ultracentrifuge 
after 30 minutes at 21.700 rpm. The average sedimen 
tation coefficients (Soo°.W) are from right to left 56, 





ed 





> 


Age 





88, and 111 Svedberg units (10~!* seconds). Fig. 1, A 
is that of virus isolated from the leaves of small sugar 
pumpkin plants; Fig. 1, B is from virus isolated from 
wild cucumber plants grown from infected seed. No 
differences in the sedimentation coefficients of virus 
from these 2 sources were found, and the variation of 
S has been within experimental error for each compo- 
nent in some 20 different experiments on 8 different 
preparations. 

The relative amounts of the 3 components were de- 
termined by measuring the areas of the schlieren 
curves with a planimeter .The relative amounts did 
vary somewhat, but were within the general trend 
which can be seen by inspection of Fig. 1. The amount 
of the 56 S component was 2.7+0.4 per cent, the 88 S 
component was 55.8+1.4 per cent, and the 111 § 
component was 40.8+2.3 per cent. However, no sys- 
tematic variance was found among the areas of schlie- 
ren peaks obtained by sedimentation analysis of virus 
solutions from pumpkin plants inoculated 1, 2, 4, and 
8 weeks before harvesting. 

Electrophoresis of the virus solution gave only 1 
schlieren peak in sodium acetate (pH 4.75), sodium 
cacodylate (pH 6.02), tris (hydroxymethyl) amino 
methane (pH 7.50), and sodium veronal (pH 8.24) at 





B 
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Fic. 1. Sedimentation patterns of SMV in cacodylate buffer at pH 6.02 and 0.10 ionic strength. A) The 3 SMV com- 
ponents isolated from pumpkin after 30 minutes at 21,700 rpm. Bar angle 40°. B) The 3 SMV components isolated from 
cucumber plants grown from infected seed after 28 minutes at 21,700 rpm. Bar angle 50°. 
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0.10 ionic strength. The virus was not electrophoreti- 
cally homogeneous, however, for the peaks in the lat- 
ter buffers were skewed and exhibited tailing, and 
when the current was reversed in the experiment in 
acetate buffer, marked sharpening occurred. The iso- 
electric point at 0.10 ionic strength was pH 4.65 as ob- 
tained by extrapolation of a plot of mobility versus 
pH to zero mobility. Below about pH 4.6 the virus pre- 
cipitated in an amorphorus form. At pH values higher 
than about pH 8.5 the virus was inactivated. 

The virus components were crystallized either from 
ammonium sulfate or ethanol in very small rods of the 
order of size obtained by Takahashi,* and also as much 
larger crystal aggregates. The nitrogen content was 
14.76 per cent, and the phosphorus content was 2.80 
per cent based on lyophilized virus dried in vacuo over 
phosphorus pentoxide at 110°C. Virus solutions gave 
positive Biuret and Bial’s reactions. The yield of 
virus was from 300 to 400 mg per liter of leaf juice. 

The 56 S component was separated from the other 2 
and the 56 S and the 88 S were separated from the 111 
S component by means of the analytical centrifuge 
separation cell. Solutions of these separated compo- 
nents were run in the usual analytical cells after 
varying periods of time following separation. The 
relative areas of the schlieren curves were the same 
after periods as long as 168 hours following separa- 
tion, indicating that an association or dissociation in- 
volving any of the components did not exist. The 
analytical separation cells did not permit the separa- 
tion of the 111 S component from the other 2. At- 
tempts at separation of the 3 components by means 
other than just described have not been successful as 
yet. Therefore, a study to identify further each com- 
ponent was attempted using the small amounts of 
partially separated components obtained from the 
analytical separation cells. 

The ultraviolet spectrophotometry absorption curve 
was similar for the 56 S component, the 56 S and 88 S 
components together, and all 3 components. Using the 
Cary recording spectrophotometer, the wave length 
of maximum absorption was found to be about 2585 
A; the minimum was at about 2400 A; and an in- 
flection point was present at 2900 A. The ultraviolet 
absorption characteristics suggest that all 3 compo- 
nents are nucleoproteins with perhaps varying amounts 
of nucleic acid, but since the separation of the indi- 
vidual components was not complete in the separation 
cell the results are not definite. Spectrophotometry 
experiments on a solution obtained from healthy plants 
by the same procedure as with virus infected pumpkin 
leaves gave a curve with a low flat peak with a maxi- 
mum at about 2800 A and a minimum at about 2600 A. 

More conclusive evidence as to the nature of each 
of the 3 components was obtained by pentose tests on 
serial dilutions of solutions of the separated and whole 
virus which had been first adjusted to contain the same 
amount of nitrogen. This procedure was adopted 
since it is thus possible to dilute the small amount of 
contaminating below the level of 


any components 
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TasLe 1.—Infectivity assays of the 3 SMV components in 
cucumber (var. National Pickling) plants 














Dilution* 
Solution 0 1:3 1:5 1:10 1:15 1:50 1:100 1:400 
Number of Plants Infected 
Top 8 0 0 0 0 0 0 0 
Top and 
Middle 10 10 6 5 2 2 0 0 
“Whole” 10 10 10 10 9 6 6 0 


“Each solution was adjusted to the same optical density 
at 2585 A; serial dilutions of each solution were then made 
as indicated. The top solution is that containing mainly the 
56 S component, the top and middle solution contained all 
3 components as in the usual preparations. Ten plants 
were used for each dilution. 


sensitivity of the assays. Pentose estimations (by the 
Bial method) on such dilutions gave definite evidence 
that the 88 S and the 111 S components contained 
considerable nucleic acid. The intensity of color of 
the reagent with the solutions of 56 S component alone 
fell off markedly with the successive dilutions, indi- 
cating that this component contained little nucleic acid 
and may not be a nucleoprotein. 

No local lesion host plant has been found for squash 
virus. Therefore, 10 cucumber plants (var. 
National Pickling) were inoculated with serial dilu- 
tions of solutions that were first adjusted to have the 
same amount of ultraviolet absorption at 2585 A. Ta- 
ble 1 summarizes the results obtained from such assays 
on 2 different preparations of separated components. 
The numbers in the body of the table are those plants 
showing symptoms. It is apparent that the 56 S com- 
ponent is not infectious in cucumber plants. The 
plants showing symptoms at the highest concentration 
are probably due to residual middle or bottom com- 
ponent. The solutions containing the 88 and 111 S 
components were much more infective. Whether the 
plants showing symptoms with the mixture of 56 S 
and 88 S were infected by the 88 S component exclu- 
sively or by residual 111 S component is not known. 
Whereas the elimination of 111 S component from the 
56 S alone was relatively successful, the close prox- 
imity of the 111 S to the 88 S prevents its complete 
elimination from the mixture of 56 S and 88 S compo- 
nents. It is also possible that a combination of 2 or 
more components is necessary for virus infection. 


mosaic 


Electron micrographs of virus preparations contain- 
ing all 3 components have been obtained using the 
freeze drying technique. The most predominant par- 
ticles were 33 my in diameter. As with other so-called 
spherical plant viruses examined by this method, these 
particles were polyhedrons. Solutions of the separated 


6 Rice, R. V., P. Kaesberg, and M. A. Stahmann. 1953. 
The breaking of tobacco mosaic virus using a new freeze- 
drying method. Biochim. et Biophys. Acta 11: 337-343. 
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components were also examined by both the usual 
preparative methods and by the spray droplet tech- 
nique. These preparations seemed to show particles 
of at least 2 different sizes; however the micrographs 
were not completely satisfactory because of a con- 
taminating oil film probably arising from the oil re- 
quired in the Svedberg oil turbine separation cells. 

A preliminary report of this work has been pre- 


sented.’ A more detailed account of these studies will 
be published later. 
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APPARENT HYPERSENSITIVITY OF POTATO HYBRIDS TO POTATO VIRUS Y! 
M. K. Corbett 7 


SUMMARY 


Potato seedlings that reacted to mechanical 
moculation with potato virus Y by the development 
of necrotic local lesions were obtained readily from 
the inbred progenies of the varieties Ashworth, 
Fillmore, Glenmeer, Katahdin, Placid and Virgil. 
These apparently hypersensitive seedlings became 
infected systemically when field exposed, when 
mechanically inoculated while very young, or when 
mechanically inoculated near the growing tips. 
Inoculation of older leaves, either mechanically or 
by means of aphids, resulted in localization and not 
in systemic infection. Seedling reaction varied 


somewhat with the strain of the virus used. When 
petioles of inoculated leaves were treated with 
indole acetic acid in lanolin, leaf abscission was 
retarded, virus Y moved out of the inoculated leaves. 
and systemic infection occurred. These results 
show that the reaction of potato clones to mechan- 
ical inoculation of older leaves with virus Y is not 
indicative of the reaction of these clones to this 
virus in the field. They suggest that field perform- 
ance may be better determined by inoculation of 
very young plants or of the growing tip of older 
plants. 





At present, immunity from virus Y in the commer- 
cial potato has not been achieved, although several 
wild Solanum species have been reported as being 
immune (11, 12, 33, 34, 38). The development of 
commercial potatoes tolerant to virus Y can _ be 
accomplished readily. Infection with virus Y in such 
tolerant plants seems to have little material effect on 
either the growing plant or on the yield. Nevertheless, 
use of tolerant individuals has several disadvantages 
which far outweigh any advantages (30). Individuals 
in which the virus remains localized at or near the 
site of inoculation have been used for field control of 
virus diseases by many investigators, with varying 
degrees of success (2, 6, 7, 10, 23, 19, 24, 39). In all 
reported cases of this phenomenon in potato, the 
localization reaction appeared to result from extreme 
susceptibility or hypersensitivity. In such cases, it is 
assumed that the affected suscept cells die before the 
virus can move to other parts of the plant. That 
localization may not be related causally to the forma- 


1 Accepted for publication November 11, 1954. 

Portion of a thesis submitted to the Graduate School, 
Cornell University as partial fulfillment of the requirement 
for the Ph.D. degree. Grateful acknowledgement is made 
to Professors L. C. Peterson and A. F. Ross under whom 
the work was conducted. 

2 Present address: Department of Plant Pathology, Florida 
Agricultural Experiment Station, Gainesville, Florida. 


tion of local lesions is suggested by the fact that in 
some virus-suscept combinations, localization can occur 
without local necrosis (4, 17, 18). Also, in still other 
combinations, local necrosis occurs but localization 
does not. If localization does occur, a variety having 
this characteristic would escape systemic infection in 
the field; that is, it would have a property often 
referred to as “field immunity.” 

The purpose of the present investigation was 3-fold: 
1) to determine whether or not virus Y is localized at 
the site of inoculation in potato seedlings that appear 
to be hypersensitive, 2) to determine the possibility 
of using such localization in the practical control of 
rugose mosaic disease in the field, and 3) to deter- 
mine whether or not the reaction of a seedling to 
mechanical inoculation is indicative of its reaction to 
inoculation by aphids in the field. 

VIRUS STRAINS AND METHODS OF INOCULATION.—Four 
strains of potato virus Y (Marmor upsilon Holmes). 
Yr®, Ym*, Ys®° and Yf*, were maintained by serial 


%Yr—-common veinbanding strain of virus Y obtained 
from A. F. Ross. 

* Ym—mild strain of virus Y obtained from R. H. Larson 
via A. F. Ross. 

®* Ys—severe strain of virus Y obtained from R. H. Larson 
via A. F. Ross. 

6 Yf—-veinbanding strain of virus Y obtained from the 


field. 
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transfer in either Turkish tobacco (Nicotiana tabacum 
L.) or in Nicotiana glutinosa L. Plants of Gomphrena 
globosa L. were inoculated at each transfer to detect 
possible contamination with potato virus X (42). 
Four different strains were used in view of the reports 
of Bawden et al (3, 5) and of Darby et al (14) that 
symptoms in potato varieties vary with differeat strains 
of virus Y. 

All mechanical inoculations were made by the 
gauze-pad method. Leaves of infected tobacco plants 
were taken 3-4 weeks after inoculation and triturated 
with a mortar and pestle. Juice thus obtained was 
used for all mechanical inoculations. The 
be inoculated were dusted with 400-mesh carborundum 
and rinsed with tap water immediately after inocula- 
tion. The inoculated leaves were marked by means of 


leaves to 


string tags or thumb-nail imprints. Tests for recovery 
of the virus from the noninoculated leaves were made 
on plants of either U.S.D.A. potato Seedling 41956 
(31) or Nicotiana repanda L. (8). 

clones to be field exposed were 
lots. Two replications 
designed seedling randomly distributed 
within the replication. Alternate rows of the plot 
were planted with tubers of the variety Placid, which 
were infected with virus Y. As a check on the amount 
of virus spread within the plot. alternated hills in the 


Tubers of the 


divided into 2 equal were 


with each 


seedling rows were planted with certified stock of the 
susceptible variety Green Mountain. 

Controlled aphid inoculations were conducted in 
the greenhouse. Plants of the variety Green Mountain 
were included as experimental checks. Nonviruliferous 
aphids (Myzus persicae Sulzer) were reared on healthy 
cabbage plants. These aphids were transferred by a 
camel’s-hair brush to a petri dish and starved for 
1.5-2 hours. 
ically infected tobacco plants. 
of 2-10 minutes was allowed before the aphids were 
transferred to the test plants. From 10-20 aphids 
were transferred to each potato plant (41). The above 


They then were transferred to system- 
An acquisition feeding 


procedure was repeated for each of the 4 strains of 
virus Y. The aphids were allowed to feed 10-20 hours, 
after which all plants were fumigated 1-2 hours with 
nicotine. 

Ineculations by means of the cleft graft were made 
with either tobacco or potato scions. The plants to 
be inoculated were decapitated a distance of 3-4 nodes 
and the 


removing 3-5 in. of the 


above the soil level leaves were removed. 
Scions were prepared by 
terminal growth from either a tobacco plant or from 
a U.S.D.A. Seedling 41956 plant. In both cases, all 
leaves were removed except for the smaller terminal 
were left intact. The stock 


After the scions had become well 


leaves which and scion 
were cleft grafted. 
established and had assumed the terminal position of 
the grafted plant. the leaves of the scion were inocu- 
lated mechanically with strain Yr. 

Except where stated otherwise. all experiments were 
conducted in a greenhouse maintained at a temperature 


of approximately 70°F. 
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ISOLATION OF APPARENTLY HYPERSENSITIVE CLONES.— 
The variety Katahdin, which reacts necrotically to 
infection by virus Y following mechanical inoculation, 
possesses some degree of “field immunity” (25). Jones 
et al (26) reported that seedlings having Katahdin as 
a parent showed field resistance to virus Y. The 
Australian variety Snowflake reacts with such severe 
necrosis to infection by virus Y that the yield from 
infected plants is very small and marketable tubers 
rarely are produced (2). 

Hutton and Bald in 1945 reported that seedlings 
possessing a hypersensitive reaction to the common 
s‘rains of virus Y could be obtained by crossing the 
variety Katahdin with commercial varieties that had 
shown a more tolerant reaction to infection by virus 
Y (23). Hutton (19) concluded that most potato 
crosses will yield some individuals hypersensitive to 
infection by virus Y. 

Ma‘erials and methods.—The varieties Ashworth 
(28). Fillmore (29), Glenmeer (29), Katahdin (9), 
Placid (28), Virgil (28) and several U.S.D.A. seed- 
lings were used as parental material. Seeds produced 
as a result of selfing the above varieties were planted 
in vermiculite and later transplanted to 4-in. pots 
containing steam-sterilized soil. When the seedlings 
were 8-12 in. tall, 4-6 leaves were inoculated with 
strain Yr. Observations were made over a 6-week 
period and the plants were grouped on the basis of 
symptoms into the following 3 classes: 1) those that 
showed symptoms indicative of systemic infection, 
2) those that produced local lesions or an apparent 
hypersensitive reaction with no resultant systemic 
infection, and 3) those that exhibited no symptoms of 
infection. 

The obvious systemic reactors, class 1, were rogued. 
Juice from the noninoculated leaves of plants in the 
other 2 groups was tested for the presence of the virus. 

Thirteen clones from the 386 seedlings used in the 
preliminary test were selected on the basis of their 
reaction to strain Yr for further inoculation trials 
with strain Yr and 3 other strains of the virus. Where 
necessary, desirable clones were increased by cuttings. 
Plants of each clone were inoculated as before except 
that 3 additional strains of the virus were used. 

Results —Clones C117 and C150 and the variety 
Cherokee (B61-3) appeared to be hypersensitive to 
all 4 strains of the virus, for local lesions were pro- 
duced with no evidence of systemic infection (Table 
1). The other clones C154, C321, and C224 appeared 
at first to be hypersensitive to all the strains, but the 
recovery test showed that strain Yf caused systemic 
infection in clone C224 and an examination of the 
tuber progeny showed that this strain moved into the 
tubers in all 3 clones. The other clones were still 
more variable, producing no reaction to some strains 
but various reactions to others. Clones C203 and C206 
appeared immune from strain Yr but responded to 
strains Ym, Ys, and Yf by the formation of local 
lesions, followed eventually by systemic infection and 
The clones C180, 


infection of the tuber progenies. 
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TABLE 1.—Response of 13 potato seedlings to mechanical 
inoculation with 4 strains of virus 


Local*.” Virus*;* Tuber*:* 

Clone Parent symptoms recovery progeny 
Peas £ tae Frm a § 

C117 Fillmore + +++ —_——_$$ — — — — 
C150 Fillmore +++ 4 —_ ——— — 
B61-3° US.D.A. ++4+4 -— —--—---— 
C154 Fillmore + ++ 4+ —-—— ——-—4 
C321 Katahdin + + + + ——— ——-—+4+ 
C224 Placid + 4 4 + —_—+ ———+4 
C203 Placid —-+-+ +4 +++ —++4++ 
C206 Placid —+4+4 oe ee oo 
B494-1 U.S.D.A. + — — ——++4+ ——4+4+ 
C180 Fillmore — ——— ———-—+ —--—-—+ 
Bl1172-16 US.D.A. ———— ———+ —-++ 
C192 Placid ae ee tote tt Ht + 
Placid Se ee ae ee ee ee ee 


C219 


* The letters r, m, s, and f refer to virus strains Yr, Ym, 
Ys, and Yf, respectively. 

» In these columns, + indicates local lesions; — indicates 
no local reaction. 

*In these columns, + indicates that virus was recovered 
from the noninoculated leaves: — indicates that virus was 
not recovered from the noninoculated leaves. 

“In these columns, + indicates that tubers from inocu- 
lated plants were infected; — indicates that tubers from 
inoculated plants were healthy. 


* Released as the variety Cherokee (40). 


C192, C219, and B1172-16 produced no symptoms of 
local or systemic infection. In the clones C192 and 
C219, however, all 4 strains were recovered from the 
noninoculated leaves and from the tuber progenies. 
With clones C180 and B1172-16, only strain Yf could 
be recovered from the noninoculated leaves but strains 
Ys and Yf were obtained from the tuber progeny of 
clone B1172-16. These 4 clones reacted as symptom- 
less carriers of the virus to current-season infection. 

It is apparent from that 
inoculations with a few strains are of limited signifi- 
cance and that the production of local lesions is not 
necessarily an indication that the will not 
become systemic. It also was noted that in some cases 


these results seedling 


virus 


local lesions were produced and the virus became 
systemic without producing symptoms on the non- 
inoculated leaves. 

FIELD EXPOSURE TRIALS.—Jones et al (26) observed 
from field tests that mechanical inoculation with virus 
Y did not record the complete susceptibility of seed- 
ling lots, since more susceptible individuals were 
observed in the field than were noted in the 
house. 

Hutton (21) 
assessments of the hypersensitive 
obtained by mechanical inoculation in the greenhouse 
than can be made by aphid inoculation in the field. 
Schultz et al (36) observed that varieties that rarely 
contracted the disease under field conditions generally 
became infected when artificially infested with viru- 
liferous aphids, both under cloth cages and in the 
open field. 


green- 


reported that more nearly accurate 
reaction can be 
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TABLE 2.—Reaction of 34 seedling clones to mechanical 
inoculation in the greenhouse and to natural inoculation 
under field conditions 

Parent and Reaction of natural field inoculation 
reaction to No. 


mechanical clones No. No. No. 
inoculation tested systemic healthy failed 
Green Mountain 100 100 
Ashworth 
no reaction 5 4 0 l 
local lesions 1 0 0 1 
Fillmore 
no reaction 4 3 0 1 
local lesions 7 3 2 2 
Placid 
no reaction 6 5 1 0 
local lesions l ] 0 0 
Katahdin 
no reaction 1 l 0 0 
local lesions 3 2 0 1 
Glenmeer 
no reaction 0 0 0 0 
local lesions 1 1 
U.S.D.A. seedlings 
no reaction 3 3 0 
local lesions 2 2 0 
Totals for seedlings 
no reaction 19 16 2 
local lesions 15 9 2 4 


As the above reports indicate that seedling reaction 
varies with the method of inoculation and_ possibly 
with other factors, a field test was conducted to test 
the reliability of mechanical inoculation as a possible 
criterion of seedling reaction in the field. 

Materials and methods.—Thirty-four clones, includ- 
ing the 13 in Table 1, were planted in a field exposure 
plot on the Vegetable Research Farm, Long Island, 
N. Y., where aphid populations are consistently high 
during the months of July and August. The plot was 
harvested and the tubers brought to Ithaca for index- 
ing. 

Results. 


of the variety Green Mountain were picked at random 


One hundred tubers representing 100 hills 


from the plot and when indexed they were 100 per 


cent infected with virus Y (Table 2). This indicates 


that there had been during the growing season a 
relatively high population of moving  viruliferous 


aphids well distributed over the plot. 

Almost all the clones that appeared to be hyper- 
sensitive or nonreactors when mechanically inoculated 
in the greenhouse became systemically infected under 
field conditions. Twenty-five of the 34 clones tested, 
including those in Table 1, were systemically infected. 
Six of the 34 failed to produce plants and 3 did not 
become infected. The latter 3 could be escapes, for 
a single season exposure will not necessarily cause all 
susceptible seedlings to become infected (36). At a 
later date, these 3 clones were discarded on the basis 
of their reaction to strains Ym, Ys, and Yf following 
mechanical inoculation. 

Virus obtained from Cherokee plants that became 
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infected in these field plots was inoculated mechan- 
ically to healthy Cherokee plants. A local hypersen- 
sitive reaction occurred with no systemic spread of 
the virus. Thus, the difference in results obtained 
in the greenhouse and in the field was not caused by 
a strain difference, but in all probability by the 
different methods of inoculation. 

COMPARISON OF MECHANICAL AND APHID INOCULA- 
TION IN THE GREENHOUSE.—Hutton (21) reinoculated, 
by means of aphids (Myzus persicae), seedlings that 
exhibited hypersensitive and systemic reactions follow- 
ing mechanical inoculation and found a discrepancy 
between the results of the methods of inoculation. In 
view of the possibility that the differences in results 
reported here were attributable to different methods of 
inoculation, comparisons were made of mechanical and 
aphid inoculations in the greenhouse. 

Materials and methods.— Eight seedlings, which 
varied from no symptoms of infection to an apparent 
hypersensitive reaction to the 4 strains of virus Y 
following mechanical inoculation, were selected for 
inoculation trials with aphids. Four 2-week old plants 
of each seedling were used, and plants of the variety 
Green Mountain were included as experimental checks. 
In order to approximate field conditions, young test 
plants were used and the aphids were not confined 
to certain sites of feeding. The test plants were trans- 
ferred from the fumigation chamber to the greenhouse 
and observed over a period of 6 weeks. Recovery tests 
then were made. 

Results.—With few exceptions, all plants became 
systemically infected when inoculated by means of 
aphids, regardless of the type of reaction of similar 
plants following mechanical inoculation (Table 3). 
Thus, Cherokee (B61-3), which produced a_ hyper- 
sensitive or local necrotic reaction to the 4 strains of 
virus Y following mechanical became 
systemically infected with each strain when inoculation 
was accomplished by aphids. Clone C180 was a non- 
systemic reactor to mechanical inoculation with 3 of 


inoculation, 


TaBLe 3.—Reaction of selected potato seedlings to 4 strains 
of virus Y when inoculated mechanically and by means 
of aphids* 


Yr Ym Ys Yf 
Clene M A M A M A M A 
Gr. Mt. +. + + + + + + + 
C1l7 —- + =- = = = — 4+ 
C150 ee Cae oe eee es 
B61-3 — + + _ + = 4 
C154 - + —- + - + + + 
C203 _ +. + + + + + + 
C206 - 4 4 + } } + 4 
C180 ee ee eee aes Se ge 
B41 — + — + + + + «+ 


*This table is a compilation of 3 similar experiments. 
Results of mechanical inoculations are listed in columns 
indicated by the letter M, and those of inoculation by 
means of aphids in the columns headed by the letter A. 
Systemic infection is indicated by a + sign and no systemic 
infection by a — sign. 
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the strains, yet all 3 of these strains became established 
and caused systemic infection when aphids were used. 
Clone C117, which produced a negative reaction to 
strains Ym and Ys, and clone C150, which produced a 
negative reaction to strain Ym, are the exceptions. 
However, these clones developed systemic necrosis to 
strains Yr and Yf. These data, verified by repeated 
aphid inoculations, would appear to explain the results 
of the field exposure tests, where seedlings found to 
be either local necrotic reactors or nonreactors to 
mechanical inoculation became systemically infected. 


Tip INOCULATION.—Two small terminal leaves of 12 
two-week old plants of each of the clones C117 and 
C150 and the variety Cherokee were inoculated 
mechanically with strain Yr. The plants were observed 
over a period of 6 weeks, after which virus recovery 
tests were attempted. 

Local lesions were produced on all plants of the 
clones C117 and C150 and of the variety Cherokee, 
although on some plants the lesions were not so well 
defined as those on older leaves. Two plants of the 
variety Cherokee eventually developed symptoms of 
systemic infection. The inoculated leaves turned yellow, 
developed vein streak, and exhibited stem lesions and 
pits at the base of the petiole. The tuber progenies of 
these 2 plants also were infected. Juice from these 
systemically infected plants was rubbed on the older 
leaves of healthy Cherokee plants. Local lesions de- 
veloped with no resultant systemic infection, indicating 
that the virus had not changed or mutated to a strain 
to which the plants were systemically susceptible. 
Plants of the clones C117 and C150 did not develop 
systemic necrosis and their tuber progenies were 
healthy. This experiment was repeated 4 times with 
similar results. 

STEM INOCULATION.—The stems of 4 three-week old 
plants of each of the clones C117 and C150 and of the 
variety Cherokee were dusted with carborundum about 
3-4 nodes above the soil level and inoculated with 
strain Yr by the gauze-pad method. The plants were 
observed over a period of 6 weeks before an attempt 
was made to recover the virus from noninoculated 
areas. 

Local lesions developed on the stems of all inocu- 
lated plants. They varied from small local necrotic 
infections to elongated lesions varying in length from 
1-2 in. No evidence of systemic infection was observed 
and the virus was not recovered from the noninoculated 
areas. The tuber progenies in all cases were healthy. 
Similar data were obtained when the experiment was 
repeated. 

CONTROLLED APHID INOCULATION.—In the experi- 
ment previously described in which inoculations were 
made by aphids, the aphids were unconfined as to 
their sites of feeding. Twenty-four hours after viru- 
liferous aphids were placed on a test plant, practically 
all the aphids were feeding near the apical growing 
point. In the experiment to be described, the aphids 
were confined to the larger leaves where inoculations 
by mechanical methods normally are made. 
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TABLE 4.—Reaction to inoculation through grafts of clones that give an apparent hypersensitive reaction when mechanically 


inoculated 
Symptoms on scion after Symptoms on 
Clone inoculation axillaries 


(Tobacco 


C117 Veinbanding mosaic slight mosaic 
C150 Veinbanding mosaic mosaic 
B61-3 Veinbanding mosaic vein streak 
( Potato 
C117 Necrotic lesions slight mosaic 
C150 ; Necrotic lesions mosaic 
vein streak 


B61-3 _ Necrotic lesions 


"Recovery tests were made on U.S.D.A. Seedling 41956. 
*In this column, a + sign indicates that the tuber proge 


The aphids were handled as before except that 5 
viruliferous aphids were placed in small insect cages 
attached to the upper surfaces of the larger lower 
leaves of 2 plants of the variety Cherokee. The cages 
were adapted from those described by Maramorosch 
(27). The viruliferous aphids were allowed to feed 
on the test plant for 24 hours, then killed by fumigation 
with nicotine. The plants were observed over a period 
of 6 weeks before attempts were made to recover the 
virus from the noninoculated leaves. 

Although the experiment was repeated 8 times, no 
evidence of a local reaction or systemic infection was 
obtained. The virus could not be recovered from the 
noninoculated leaves and the tuber progenies from the 
inoculated plants were virus-free. 

INOCULATION BY GRAFT.—FEight plants each of the 
clones C117 and C150 and of the variety Cherokee were 
inoculated by means of the cleft graft. Five weeks 
after inoculation, when symptoms were well developed 
and recovery tests had been made. pieces of the stem 
including the graft union were hand sectioned. stained 
with 2 per cent phloroglucinol (21. 37, 43) and 
examined for evidence of phloem necrosis. 

Typical symptoms of virus Y infection were pro- 
duced on the inoculated leaves of the tobacco and 
potato scions (Table 4). Symptoms of systemic in- 
fection developed in the leaves of the stock axillaries 
after a period of 4 weeks. No visible morphological 
symptoms of necrosis occurred at the graft union nor 
could any histological changes be demonstrated by 
staining with 2 per cent phloroglucinol. In each case. 
juice from the infected leaves of the socks was rubbed 
on healthy plants of the clones C117 and C150 and of 
the variety Cherokee. Local lesions were produced with 
no resultant systemic infection, an indication that no 
change in strain had occurred. 

THE EFFECT OF PLANT AGE AND DILUTIONS OF INOCU- 
LUM UPON LOCALIZATION.—Hutton (21) found that the 
localized and systemic necrotic reactions were in- 
fluenced or modified by several conditions other than 
genetical factors. In the present investigation, the 
variety Cherokee was used in experiments designed 
to determine whether or not certain nongenetic factors 
affect localization of the virus following mechanical 
inoculation. 





Recovery“ Tuber” 
Symptoms at graft union test progeny 
potato graft) 
no Visible necrosis — 
no visible necrosis + + 
no visible necrosis + 
potato graft) 
no Visible necrosis + + 
no visible necrosis + + 
no visible necrosis + + 


In this column, a + sign indicates presence of virus in stock, 
‘ny were infected as indicated by presence of symptoms. 


Cherokee plants of approximately the same age 
were separated into 4 groups of 10 plants each. Juice 
obtained from tobacco plants 4 weeks after inocula- 
tion with strain Yr was diluted with 0.01 M phosphate 
buffer (pH 7) as follows: 1:10, 1:50, 1:100, and 1:500. 
Each dilution as well as undiluted juice was used for 
the mechanical inoculation of 2 plants at intervals 
of 3. 7, 14, and 28 days after plant emergence. Each 
pair of inoculated plants was kept under observation 
for a period of 6 weeks before the noninoculated leaves 
were tested for the presence of the virus. 

Local lesions developed on plants of all age groups 
with the exception of the 3- and 7-day groups inocu- 
lated with the higher dilutions (Table 5). The lesions 
on these 2 age groups were larger than, but neither so 
necrotic nor so definite in outline as, those produced 
on leaves of the older plants. Plants of the 2 older 
age groups. 14 and 28 days, developed only local 
lesions regardless of the dilution of inoculum. Only 
those plants in the 3- and 7-day age groups showed 
systemic infection and among these only those inocu- 
lated with undiluted juice or with juice diluted 1:10 
did so. At the 1:50 dilution local lesions developed 
but not systemic infection. Recovery tests with non- 
inoculated leaves were positive only with those plants 
that showed symptoms of systemic infection. 

These results are in accord with those obtained in 
the previous experiments on the site of inoculation. In 


Taste 5.-Reaction of Cherokee plants at different stages of 
development to inoculation with different dilutions of 
infectious juice* 


Age of plant Dilutions of juice 


at time of Undiluted 1:10 1:50 1:100 1:500 

inoculation Lb. E 5 _ = L § & Ss 
Days 

3 rr +t te Ft rlUlc Cl CKOllUlc ClO 

7 Tr TT + t+ + — _-_ — _-_ — 

14 Lm bie ee ee S & 

28 + - f= 4+ —- + -—- + = 


‘The above table is a compilation of 2 experiments. I 
indicates local symptoms; S indicates systemic symptoms. 
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both cases, inoculation of young leaves resulted in 
systemic infection but inoculation of fully expanded 
leaves did not. 


THE EFFECT OF INOCULATED-LEAF ABSCISSION ON THE 
SYSTEMIC REACTION IN THE VARIETY CHEROKEE.—Hutton 
and Bald (23) observed that infection with virus Y 
may remain local in the inoculated leaves or that the 
inoculated leaves may abscise, after which a necrotic 
stem lesion several inches in length develops, begin- 
ning at the point of abscission. They did not observe 
systemic infection in such cases. That abscission of 
the inoculated leaves of the clones here studied might 
function to limit the movement of the virus and thus 
prevent systemic infection was suggested by the obser- 
vation that the older leaves of the clones C117 and 
C150 and of the variety Cherokee, when mechanically 
inoculated virus Y, turned chloronemic and 
abscised after the appearance of local lesions. 


with 


Material and methods.—Thirty 3-week old plants of 
the variety Cherokee were divided into 6 groups of 5 
plants each. Three leaflets of 4 leaves on each plant 
were mechanically inoculated with virus Y. One group 
received no further treatment. Immediately after inoc- 
ulation, a mixture of indole acetic acid and lanolin 
was placed next to the leaf base on the inoculated 
leaves of the plants of the other groups. The amount 
of indole acetic acid in the lanolin varied for the 
different groups from 0-1 per cent (1). The plants 
were observed for 7 weeks before juice from the non- 
inoculated leaves was tested for the presence of the 
virus. 

Results. 
times occurred after the entire leaf had turned chloro- 
from the point of inoculation 
other cases, the 3 terminal 
necrotic but 
The inoc- 


Leaf abscission of inoculated leaves some- 
nemic progressively 
towards the petiole. In 
leaflets turned 
abscission of the entire leaf did not occur. 
ulated leaves on the untreated plants and those on the 
plants treated with lanolin only, occasionally abscised 
within 15 days; but the average abscission time was 
21 days from the date of inoculation. The inoculated 
leaves on the plants treated with indole acetic acid did 
not abscise for a week or more later (27-35 days after 
the time of inoculation). Virus was recovered occa- 
sionally from the petioles of the inoculated leaves 15 
days after inoculation but the average was 23 days 
after the date of inoculation. Thus, the presence of 
virus could not be demonstrated in the leaf petioles of 
the check plants until leaf abscission had occurred. 
In the case of the plants treated with indole acetic 


inoculated completely 


acid, the inoculated leaves did not abscise until later, 
allowing the virus at least 27 days to move across the 
leaf abscission zone. 

That virus did move out of the inoculated leaves in 
the plants treated with indole acetic acid was shown 
by the development of symptoms in the noninoculated 
leaves and by the recovery tests (Table 6). The treat- 
ment caused no change in the virus as indicated by the 
fact that when the recovered virus rubbed on 
healthy Cherokee plants, local lesions developed but 


was 
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TaBLe 6.—Leaf abscission and systemic infection in Chero- 
kee plants inoculated with virus Y and subsequently 
treated with indole acetic acid* 


Noninocu- Recovery Tuber 


Concentra- Inoculated 
tion of IAA leaves lated leaves tests progeny 
Untreated local lesions no symptoms — ~- 
Lanolin only local lesions no symptoms — 
1% IAA local lesions yellowing, + + 
necrosis, 
vein streak 
0.1% IAA local lesions yellowing, + + 
necrosis, 
vein streak 
0.01% IAA locallesions yellowing, + + 
necrosis, 
vein streak 
0.001% IAA local lesions yellowing, + + 
necrosis, 


vein streak 


“The table is a compilation of 2 similar experiments. A 
+ sign indicates presence of virus. 


no systemic infection occurred. It is evident from this 
test that the reaction of Cherokee plants to mechani- 
cal inoculation is not true hypersensitivity, for the 
virus is able to move out of inoculated leaves provided 
the leaves remain attached to the plant for a sufficient 
period of time. 

Discussion.—Resistance resulting from incompati- 
bility of the suscept and the pathogen, as evidenced by 
the extreme susceptibility of the suspect to penetra- 
tion followed by a partial or complete immunity from 
invasion, is a common report in the literature. Incom- 
patibility between the suscept and pathogen has been 
reported to be the situation with the potato and cer- 
tain of its virus pathogens. Investigations on the hy- 
persensitive response in potato seedlings have dealt 
mainly with the mosaic viruses A, X, B, and C (7, 10, 
35). Success has been achieved in the production of 
varieties apparently hypersensitive to these viruses, re- 
sulting in their control under field conditions. Of 
these viruses, only virus A is insect transmitted. The 
fact that the others are not insect transmitted may be 
responsible for the ability of apparently hypersensi- 
tive varieties to remain noninfected under field con- 
ditions. 

Within recent years, evidence has been accumulating 
that seedlings that appear to be hypersensitive to virus 
Y may be produced (14, 23, 19, 20, 21, 22, 33, 38). 
Such individuals may be found readily among the 
progenies resulting from self pollinating such varieties 
as Ashworth, Fillmore, Glenmeer, Katahdin, Placid, 
and Virgil and may be identified by a localized necrotic 
reaction occurring at the sites of inoculation following 
mechanical inoculation. Although the initial reaction 
may be of a localized necrotic nature, the results ob- 
tained in this investigation indicate that the virus may 
not be confined to these areas. It can move out of the 
inoculated leaves and throughout the plant, provided 
the inoculated leaf stays on the plant long enough. 
been shown that in a given genotype, 


It also has 
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whether or not the virus remains localized may be de- 
pendent on the strain of the virus used in the inocu- 
lation and upon the site and method of inoculation. 
Thus, in seedling screening tests, true hypersensitivity 
should be distinguished from a delayed movement of 
the virus from the site of inoculation. 

The practical value of a localization or a hypersensi- 
tive reaction lies in the possible association of such 
reactions with resistance of the varieties when grown 
under field conditions, as has been reported to be the 
case with viruses X, B, and C. Virus Y is similar to 
virus A in the respect that it may be transmitted either 
mechanically or by aphids. Under field conditions, 
spread of virus Y is accomplished almost entirely by 
aphids. That it is not safe to assume that a plant will 
react similarly when mechanically inoculated as when 
inoculated naturally in the field is shown by the results 
of the present investigation. Varieties that appeared 
to be hypersensitive or immune following mechanical 
inoculation became systemically infected when grown 
in a field exposure trial. This reversal in reaction 
from apparent hypersensitivity to systemic infection 
was not attributable to a difference in strains of the 
virus but rather to a difference in the method of in- 
oculation. The inoculation trials with aphids in the 
greenhouse substantiate the results obtained in the 
field exposure experiments. 

The fact that similar results were obtained follow- 
ing mechanical inoculation of young plants or of young 
leaves strongly suggests that the site of inoculation is 
the important factor involved. This conclusion is sub- 
stantiated by the fact that inoculation of old leaves by 
means of aphids produced results similar to those ob- 
tained with mechanical inocula- 
tion of young leaves, either mechanically or by means 


inoculation whereas 
of aphids, produced results similar to those observed 
in the field. 

It would appear that once virus gets into the phloem, 
systemic infection will result in all the clones tested. 
It is reasonable to assume that this occurs more rapid- 
ly when virus is introduced into young. rapidly grow- 
ing leaves than when introduced into old leaves. It 
may be of significance that in the graft experiments 
no evidence of an effect of virus Y on phloem tissue 
was obtained. Thus, virus throughout 
the whole plant is to be expected. 


movement of 


The results obtained from the comparison of me- 
chanical and aphid inoculation are at variance with 
those of some other workers. Hutton (21) confined 
the aphids to the larger leaves and obtained both 
localized and systemic reactions. He concluded that 
those seedlings that escaped infection did so as a re- 
sult of a balance between the virus dosage and the 
necrotic reaction. He suggests that mechanical inocu- 
lation in the greenhouse is of greater value than aphid 
inoculation for studying the hypersensitive reaction of 
potato seedlings to virus Y. Hutton (21) reported that 


when the plants were young and actively growing, the 
localized reaction was rapid and confined the virus to 
With older plants, a more dif- 


the inoculation sites. 
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fused type of reaction occurred and the virus was in- 
activated in tissues distant to the inoculation sites, 
Results similar to those of Hutton’s were obtained 
when viruliferous aphids were confined to the older 
leaves of the variety Cherokee. Under these conditions 
it was impossible to distinguish any localized reaction 
and systemic infection did not occur. However, in 
greenhouse tests where the aphids were unconfined as 
to their site of feeding, a condition similar to that 
which occurs in the field, the seedlings became sys- 
temically infected. 

The mechanism whereby the clones C117 and C150 
and the variety Cherokee remain free from systemic 
infection following inoculation by mechanical methods 
is of interest. A condition was observed in these clones 
similar to that reported by Holmes (15, 16) with pep- 
pers infected with tobacco mosaic virus. The inocu- 
lated leaves of the variety Cherokee abscised before 
the virus could move systemically within the plant. 
Indole acetic acid in lanolin applied near the leaf base 
retarded leaf abscission by 6-14 days, time enough for 
the virus to move out of the inoculated leaf and _ be- 
come established systemically. Thus, it appears that in 
the clones studied, local lesion formation does not re- 
strict the virus to the inoculation sites but rather it 
causes very slow cell-to-cell movement of the virus. 
Freedom from systemic infection in inoculated plants 
results from an influence either of virus infection or of 
the development of necrosis, on the leaf abscission 
layer, causing the leaf to drop prematurely and in ad- 
vance of the virus movement. It is possible that the 
abscission is caused by ethylene, shown by Ross and 
Williamson (32) to result from several types of virus- 
induced necrotic lesions. 

From the results presented it seems evident that the 
control of virus Y by the production of varieties that 
appear to be hypersensitive is of limited value. The 
fact that a clone appears hypersensitive to virus Y fol- 
lowing mechanical inoculation does not insure virus 
escape of that clone in the field. Whether or not true 
hypersensitivity exists in the available breeding stocks 
can be determined only by further tests, with pro- 
cedures different from those used to date. 

In a breeding program concerned with resistance to 
virus Y, mechanical inoculation has some merit. Pre- 
liminary screening tests on seedling populations could 
be conducted easily and quickly by mechanical means, 
for clones which became systemically infected follow- 
ing mechanical inoculation also became systemically 
infected when inoculated by means of aphids (13). 
Thus, mechanical inoculation could be used to elimi- 
nate many systemic reactors, materially reducing the 
number of individuals requiring inoculation by aphids. 
Also, the experiments on site of inoculation suggest 
that it may be possible to develop inoculation tech- 
niques that would give an accurate indication of field 
performance. Inoculation of very young plants or of 
the growing tip of older plants would at least give a 
better indication of field performance than do present 
methods. 
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LEAF SCORCH AND RHIZOCTONIA ON CROFT LILIES ! 
J. G. Bald. A. M. Kofranek. and O. R. Lunt 


SUMMARY 


In an experiment on the influence of nutrition on 
leaf scorch of Croft lilies, root injury associated 
with Rhizoctonia solani Kiihn was assessed and 
compared with the incidence of leaf scorch at 
various nutrient levels. Nitrogen and calcium levels. 
and to a lesser degree soil pH. influenced both leaf 
scorch and root rot, but the effects on leaf scorch 
were complicated by a group of factors including 
conditions under which the bulbs were stored before 
planting. 

A significant association between the severity of 
leaf scorch and damage to the roots was revealed 
by the calculation of partial correlations. In the 
high (excessive) nitrogen series, blasting of buds 


also was associated directly with root damage. 


apparently were 
excessive soil 


Leaf scorch and bud _ blast 
influenced in opposite ways by 
nitrogen, which gave decrease of leaf scorch and 
increase of bud blast. 

Symptoms associated with Rhizoctonia were root 
rot, reduced growth, and reduced bud count. 

Control of root rot by Lysol-ferbam dip also 
reduced leaf scorch. Other circumstantial evidence 
of association between leaf scorch and root damage 
was found. It was postulated that leaf scorch is 
associated with root damage caused by Rhizoctonia, 
or by some other incitant. Control of leaf scorch 
by proper fertilizing thus would be a suppression of 
symptoms rather than control of the basic cause 
of leaf scorch. 





Since 1945-47 leaf scorch has become a serious 
problem in greenhouse forcing of plants of Lilium 
longiflorum var. Croft (8). The history of this variety 
is outlined by McWhorter (3). and problems of main- 
taining healthy propagating stock are discussed by 
Lake (2). Many investigators have suggested that leaf 
scorch is a nutritional problem and is not caused by 
pathogenic organisms in the injured leaves (8). That 
it might be due to secondary effects of root injury 
A recent review of the 
Velazquez (7). 
United States 


apparently was not considered. 
literature is given by Seeley 
Experiment stations in the 

recommend high nitrogen, calcium, and pH during 
greenhouse forcing to minimize injury from leaf scorch. 


and 
eastern 


An experiment was designed to study the effects of 
nutrient levels on the leaf scorch of forced Croft lilies 
under California conditions. While the experiment was 
in progress, other work suggested relationship between 
root damage by Rhizoctonia solani Kiihn and the in- 
cidence of leaf scorch. The bulbs used in the experi- 
ment were known to have been infested with Rhizoc- 
tonia at planting. Additional data on damage to the 
roots of the experimental plants were accumulated 
for a test of this association. The results support the 
view that the association is significant, and that it pro- 
vides a valuable clue to the basic cause of leaf scorch. 

EFFECT OF NUTRITION ON LEAF SCORCH AND ROOT 
rot.—Materials and methods.—Bulbs of 8-9 in. in 
circumference were obtained from Oregon on October 
22, 1952. One-fourth of the bulbs were planted in 
6-in. pots on October 24, and held out-of-doors for 9 
weeks under a straw mulch, as is usual in southern 
California. The remainder of the bulbs were stored in 
the original shipping containers at a temperature of 
approximately 35° to 38° F until they were planted 
3, 6, and 9 weeks later. Cool storage in the original 
containers is the usual practice of growers in the east- 
ern states. 


1 Accepted for publication November 3, 1954. 


The experiment was set up in a factorial design with 
2pH levels, 2 calcium levels, and 2 nitrogen levels. 
There were 9 potted plants in each plot, and 4 repli- 
cates of each treatment. The replicates were arranged 
in 4 blocks. Differences among blocks represented the 
effects of storage confounded with planting dates and 
location in the greenhouse. 

Although many of the bulbs supplied for this ex- 
periment obviously were infested with Rhizoctonia 
mycelium, no fungicidal treatment was made. Bulbs 
for each treatment were chosen at random, thus dis- 
tributing degrees of infestation over all treatments. 

The planting soil was a nonsterilized Pleasanton 
clay loam which was mixed with 20 per cent peat by 
volume. One-half of the soil was acidified to pH 4.1 
with sulfuric acid (low pH), and the other half had 
a pH of 7.0 from an application of calcium carbonate 
(high pH). The high calcium soil had an application 
of 2 lb. gypsum to 100 lb. of soil; the low calcium 
soil had no added calcium. Urea and KH.PO, (1/16 
lb. and 4, lb. to 100 Ib. of soil, respectively) were in- 
corporated into all soils at the time of planting. Sub- 
sequent applications of nitrogen were made during 
forcing on the following dates: January 8, 15, 30, Feb- 
ruary 12, and March 5. The materials used were | 
part ammonium sulphate to 4 parts sodium nitrate by 
weight applied at the rate of 4% teaspoon (2.7g) to a 
6-in. pot for the high-nitrogen series (6), and one- 
tenth this amount for the low-nitrogen series. These 
applications were made in solution at the rate of 200 
ml to a pot. 

Of the 2 nitrogen levels, the lower proved to be 
slightly suboptimal for growth, and the higher resulted 
in moderately saline conditions which reduced root and 
shoot growth and flower production. At flowering, 
about 3 weeks after the last fertilizer application, the 
mean conductivity of soil samples ranged from 4.3 to 
5.6 millimhos/em in the high-nitrogen series and from 
2.0 to 3.3 in the low-nitrogen series. The test used for 
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TasBLe 1.—Numerical data from Croft lily plants in experiment on nutrition, leaf scorch, and root rot 


Nitrogen Low High 

Calcium Low High Low High 

pH Low High Low High Low High Low High 

Block* 

Mean necrotic spots per plant A 8.0 8.2 10.3 4.1 0.2 0.2 0.0 0.1 
B 2.6 0.8 4.9 0.3 1.3 3.0 1.8 0.2 
tb 8.4 13.6 4.6 2.8 10.9 2.7 1.1 0.4 
D 3.6 5.0 3.8 5.7 3.7 3.8 3.9 4.8 

Mean height (in.) A 20.1 20.0 21.1 19.3 7.9 12.1 8.2 12.6 
B 25.9 17.0 26.1 22.9 17.6 15.8 16.7 15.1 
C 23.9 22.3 21.3 22.4 14.9 14.3 12.3 16.5 
D 19.3 20.8 18.4 20.9 14.0 13.7 10.7 14.7 

Mean buds per plant 4 7.6 6.7 6.8 6.6 4.8 6.4 6.0 7.0 
B 7.6 5.3 7.6 7.2 6.8 4.] 8.0 4.1 
c 5.6 6.6 5.7 6.0 4.8 4.1 4.5 5.6 
D 3.6 5.0 3.8 5.7 a7 8 3.9 4.8 

Mean blasted buds per plant \ 0.6 0.0 0.0 0.0 4.] 4.1 4.8 4.2 
B 0.0 0.4 0.0 0.3 0.9 1.0 1.6 0.8 
( 0.0 0.2 0.0 0.1 1.0 1.6 3.3 1.4 
D 0.0 0.0 0.0 0.0 0.0 1.0 1.1 0.4 

Root size rating 3 plants” A 8 9 9 g 3 5 4 7 
B 8 8 Yy 9 8 5 5 4 
{ 9 6 9 9 7 5 3 6 
D ) ) 8 8 8 7 3 4 

Root condition rating 3 plants‘ A 7 9 9 9 2 4 1 5 
B 8 7 9 9 5 2 3 4 
e 7 } 9 8 3 3 2 6 
D 8 9 1] 8 7 4 5 

Leaf retention rating 3 plants® A 8.5 9.0 9.0 8.0 4.5 8.5 3.0 8.0 
B 7.0 6.0 7.0 7.0 7.5 3.5 7.0 3.0 
c 15 7.0 8.5 7.5 6.5 5.0 3.0 8.0 
D 8.0 8.5 8.5 9.0 9.0 7.5 7.0 8.5 


* Block A—potted October 24 and placed out-of-doors. Brought in greenhouse December 23. Block B—cool stored, potted 
November 13 and placed in greenhouse immediately. Block C—cool stored, potted December 4 and placed in greenhouse 
immediately. Block D—cool stored, potted December 23 and placed in greenhouse immediately. 

» Ratings for root size were 0-3 for each plant, with high values indicating large root systems. 

* Ratings for root condition were 0-4 for each plant, with high values indicating healthy roots. 

“Ratings for leaf retention were 0-3 for each plant, with high values indicating retention of lower leaves. 


soluble salt was that developed by the U. S. Salinity Easter. The maximum light intensity ranged between 
Laboratory (4). No attempt was made to raise or 1500 foot-candles on cloudy days and 3500 on sunny 
lower temperatures in order to force the flowers for days. 

Leaf scorch.—Counts of necrotic spots typical of 


Tanuz 2.—Anabysis of variance of leah-ccerch Geta, given in leaf scorch were made for each plant on March 25, 


Table 1 as number of necrotic spots/plant 1953 (Table 1). Analysis of variance was made with 
plot means rounded to the nearest whole numbers 
DF Ms* (Table 2). 
Blocks 3 19.875** Both high nitrogen and high calcium significantly 
N l 78.125** decreased the number of necrotic spots on the leaves. 
Ca I 24.500" The mean for the low-calcium low-nitrogen treatments 
H 6.125 pion gray = a 
or N 2 21.375** Was 6.4 necrotic spots a plant, and for the high- 
BX Ca 3 22.583** calcium high-nitrogen 1.5 necrotic spots. The least 
N x Ca & pH l 12.500 significant difference was 1.80. The greatest contrast 
‘ J ¢ 7) * ° . 
- x N , pH 2 ae in numbers of leaf spots between the high- and low- 
emainder 0 “ 


nitrogen series was in block A, planted with bulbs 
stored in pots under straw mulch as is usual in Cali- 
fornia (Table 1). The significant interaction, blocks 


* * significant at 5 per cent level; ** significant at 1 per 


cent level. 
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by nitrogen (B X N, Table 2), indicated the diversity 
of reaction to nitrogen in different blocks. 

The contrast between the effects of high and low 
calcium was evident mainly in the 1 block planted 
with bulbs previously cool-stored for 6 weeks (Block 
C, Table 1). This appears in the significant inter- 
action, blocks by calcium (B Ca, Table 2). Al- 
though soil pH had no over-all effects on leaf scorch. 
in this same block a combination of high nitrogen 
and high pH kept leaf scorch at the low levels of 2.7 
for low calcium and 0.4 for high calcium (Table 1). 
Again, the relevant interaction, blocks by nitrogen by 
pH (B X N X pH) was significant. 

The complexity of the interactions between leaf 
scorch and such factors as nutrient levels and storage 
treatments was thus very evident. Because other vari- 
ates were confounded with storage methods, variations 
among blocks in incidence of leaf scorch could not be 
attributed to well-defined causes. On the other hand. 
most of the varied responses of leaf scorch to treat- 
ment described in the literature were paralleled in 
this experiment which was conducted in 1 place with 
1 lot of bulbs. 

Height of plants—The height of each plant was 
measured at flowering. Excessive nitrogen in the high- 
nitrogen series induced the development of short 
plants with dark green leaves (Fig. 1, B). Low nitro- 
gen induced tall plants with light green leaves (Fig. 
1, A). Low-nitrogen plants were about 50 per cent 
taller than high-nitrogen plants. The latter were the 
more variable in size. High pH had different effects at 
the 2 nitrogen levels, tending to increase plant height 
at high nitrogen and to decrease height at low nitro- 
gen. In general, high pH helped produce a more de- 
sirable type of plant. The effects of calcium on 
height were negligible. 

Number of buds and number blasted.—Nutrient lev- 
els had little effect on the number of buds formed, ex- 
cept that high-nitrogen plants had, on the average. | 
less bud than low-nitrogen plants (5.3 and 6.3 buds, 
respectively). Means for bulbs stored 6 and 9 weeks 
(6.3 and 4.8) were significantly lower than those for 
bulbs stored under straw (7.3). or cool-stored 3 weeks 
(7.0). It is common knowledge that prolonged cooler- 
storage reduces bud count. 

Bud blast was very sensitive to nutrient level. In the 
low-nitrogen series, the number blasted was small; in 
the high-nitrogen series it averaged 37 per cent. On 
high-nitrogen plants from bulbs stored under straw, 
nearly 34 of the buds were blasted. 

Size of the root system and condition of the roots. 
Three randomly sampled plants from each plot of 9 


TasLeE 3.—Mean ratings for size and condition of root 
systems of Croft lily plants grown at 2 nitrogen and 
2 calcium levels* 


Size Condition 
Nitrogen Nitrogen * 
Low High Low High 

Calcium Calcium 

Law 275 2.00 Lew 236 1.42 
High 2.92 1.50 High 3.04 1.25 
L.S.D. is 
5 per cent level 0.65 0.53 


“See footnotes ° and * in Table 1 for methods of rating 
root systems. Each mean represents 24 plants sampled from 
8 plots. 


were knocked out of the pots. Ratings were given for 
the size of the undisturbed root systems, and other 
ratings were given for the proportion of the visible 
roots which were healthy. A high value for size, 3, 
indicated a large root system, and a high value for 
condition, 3, indicated a root system that was not dam- 
aged noticeably either by Rhizoctonia or by high salt 
concentrations. Lower values indicated smaller or 
more severely damaged root systems. In rating for 
condition, it was found necessary to make a separate 
class for some particularly white and healthy root sys- 
tems in the high-calcium series. A value of 4 was 
allocated to these. 

At the higher nitrogen level there was a significant 
decrease in size of root systems caused in part by 
severe root damage. High calcium tended to exagger- 
ate this reduction in size of roots. In contrast, at the 
low-nitrogen level high calcium gave larger root sys- 
tems. No significant differences in the size of the 
root systems were observed among blocks. 

The ratings for condition showed that excessive 
nitrogen encouraged rotting of the roots, and that the 
lower nitrogen level prevented the more extreme de- 
grees of damage (Table 3). At the lower. more favor- 
able nitrogen level, high calcium definitely improved 
the condition of the roots. In the presence of exces- 
sive nitrogen and a low pH, high calcium encouraged 
the destruction of the roots (mean rating, 0.83). At 
the higher pH, high calcium tended to counterbalance 
the destructive effects of excessive nitrogen (mean 
rating, 1.67). 

Damage to the roots in the low-nitrogen series ap- 
peared to be caused by Rhizoctonia. In the high- 
nitrogen series, Rhizoctonia mycelium was present in 
abundance where the damage was most severe, but the 
condition of the roots suggested that an excess of 


»--> 


Fic. 1. A) A plant with normal roots (left) and one with rotting Rhizoctonia-infested roots (right) from low-nitrogen 
series. The poorer root system is associated with reduction of foliage development, of stem thickness, but not of height. 
B) A plant with normal roots (left) and one with rotting Rhizoctonia-infested roots (right) from high-nitrogen series. 
The poorer root system is associated with overall reduction in plant parts. C) Bulbs and root systems from low-nitrogen 
plants like those shown directly above. D) Bulbs and roots from high-nitrogen plants like those shown directly above. 
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soluble salts may have caused some of the damage. rotted. The rapid spread of Rhizoctonia on such roots 
Affected roots sometimes were collapsed rather than may have been in part the result of colonization of in- 
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jured or dead tissue. 

Some plants within each nutrient series were rela- 
tively free from root injury, others obviously were dam- 
aged. (Fig. 1, C, D). The amount of root injury was 
correlated with the extent of lesions and discoloration 
on the bulb scales. Presumably bulb discoloration and 
damage were a measure of the Rhizoctonia inoculum 
originally present at planting. 

Shrivelling of basal leaves.—Shrivelling of the basal 
leaves at flowering was more evident in some treat- 
ments than in others. A rating method was used to 
record these differences. High values indicated reten- 
tion of leaves on the stem. In the high-nitrogen series, 
more leaves at the bases of the stems were shrivelled 
than in the low-nitrogen series. However, the few 
high-nitrogen plants with vigorous root systems re- 
tained most of their basal leaves (Fig. 1. B. D). The 
significant differences among blocks suggest that in- 
creasing the length of cool-storage caused an increase 
in the loss of lower leaves. 

Comparison of loss of lower leaves with condition of 
roots showed a direct and significant association. The 
poorer the condition of the roots. the greater was the 
number of basal leaves shrivelled (Fig. 1). 

Associations among leaf scorch, blasting, and condi- 
tion of the roots——The method of partial correlation 
was used to disentangle the interactions among leaf 
scorch (indicated by the subscript s). blasting (B). 
condition of the roots (c), and complications due to 
the loss of lower leaves (L). The coefficients for the 
total and partial correlations between condition of the 
roots and leaf scorch are below: 


Tos. =— 200 n=J20 
Tes-h = =—@42 n=—2Z9 
Tos-B = —.194 n=29 
Tos- LB = —403 n=28 


values for low- and 


The partial 


These were calculated from all 
high-nitrogen plants as given in Table 2. 
correlation with 2 disturbing variates equalized indi- 
cated a significant association. Evidence of non- 
linearity in the data suggests that the value calculated 
for the partial correlation gave an underestimate of 
the strength of this association. When disturbances 
due to loss of lower leaves and to nutritional factors 
associated with blasting were minimized. it became 
clear that necrotic leaf spots generally were more 
numerous on plants with severely damaged roots. 

A negative association between bud blasting and 
leaf scorch, which was independent of the condition 
of the roots and the loss of lower leaves. was demon- 
strated in the same way. Presumably the nutritional 
factors that increased blasting decreased leaf scorch. 
This was the original assumption that led to the intro- 
duction of blasting into the calculation of the partial 
correlations. Lastly. blasting also was correlated neg- 
atively with the condition of the roots. The more se- 
verely the roots were damaged. the greater the number 
of buds blasted. This association was independent of 


leaf scorch and the loss of lower leaves. 


In summary. damage to the roots encourages both 
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leaf scorch and blasting of the buds. low nitrogen en- 
courages leaf scorch, and very high nitrogen encour- 
ages bud blast. The loss of lower leaves, another effect 
of root damage, is incidental, but it may confuse the 
estimates of leaf scorch. 

RHIZOCTONIA ON BULBS AND ROOTS.—Symptoms as- 
sociated with Rhizoctonia infestation—Symptoms on 
Croft lily plants like those observed in the nutrition 
experiment were seen on commercially grown plants 
infested with Rhizoctonia, and on plants grown in 
sterilized soil from infested bulbs (Fig. 1 A-D). Above- 
ground symptoms on plants from bulbs were small size, 
poor color of the foliage. premature shrivelling of the 
lower leaves, and reduction in the number of blooms. 
These symptoms were associated with damaged roots: 
some were merely yellow instead of white, some were 
partly rotted, and some were light brown and dead. 
The root system often was greatly reduced. Both outer 
and inner surfaces of bulb scales were yellow where 
invaded by Rhizoctonia. In addition, there were often 
dark, sunken, dead or rotting areas on the tips and 
sides of bulb scales. Roots from the stem near ground 
level grew down over such lesions, and generally were 
killed at the tips or were seriously damaged. 

When bulblets from infested scales were sprouted 
in a warm cabinet and transferred to the greenhouse 
they were invaded by Rhizoctonia soon after they were 
formed. Symptoms were visible under the wide-field 
microscope. Some of the bulblet scales were streaked 
with yellow or brown lines which spread and intensified. 
Eventually 1 or more of the bulblet scales might be 
attacked at the tip and become distorted and more or 
less shrivelled. Others might exhibit various degrees 
of discoloration. As the leaves formed, the short 
petioles were invaded, and a golden discoloration 
extended along them about 1 cm. The roots, finer and 
more fibrous than those of mature plants, at first 
seemed little affected. The larger roots. which appeared 
later, had symptoms like those on the roots of larger 
plants. 

The normal underground tissues of Croft lily plants 
are creamy white in color. Yellow, golden, or brown 
discoloration associated with Rhizoctonia was found to 
be characteristically due to discoloration in the walls 
of superficial cells. particularly the walls perpendicular 
to the surface. In the roots, and less commonly on the 
bulb scales, intercellular hyphae were found within 
these walls, sometimes where little or no external 
mycelium was visible. 

These hyphae were somewhat difficult to see in 
routine mounts of hand and superficial 
mycelium was not always abundant. Sometimes my- 
celium and the milder types of lesion were present 
without seriously affecting the vigor of the plants. The 
environmental conditions that produce either a rela- 
tively benign or a pathogenic association between 
Rhizoctonia and the tissues of Croft lily are not yet 
understood. Also, different strains of Rhizoctonia 
probably vary in their pathogenicity to lily roots. 


Pathogenicity of Rhizoctonia solani.—R. solani was 


sections, 
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cultured from affected tissues, but proof of path- 
ogenicity has been delayed by difficulty in obtaining 
for inoculation bulbs known to be free from Rhizoctonia. 
Anomalous results were given by 1 trial with bulblets 
which were relatively free from Rhizoctonia, but were 
infested by lesion nematodes. 

Control by fungicidal treatment.—Fungicides were 
applied to bulbs naturally infested with Rhizoctonia, 
and the bulbs were planted in pots of sterilized soil. 
Twelve bulbs immersed for 30 minutes in a 
mixture of the following proportions: 44 pint Lysol (a 
mixture of crude cresols), and 2 oz. Fermate (76 per 
cent ferbam or ferric dimethyldithiocarbamate) in 
6 gal. of water (1). Twelve bulbs were dusted with an 
excess of Arasan (50 per cent thiram or bis(dimethyl- 
thiocarbamoyl) disulfide) before planting. 


were 


Sample plants were examined at intervals during 
growth. Controls had active and abundant Rhizoctonia 
mycelium on the surfaces of leaf scales, the basal 
portions of roots, and stem bases. Damage was evident 
on the roots. On the treated plants either no living 
mycelium was found, or it was sparse and associated 
with some of the larger lesions on the bulbs. 

The remaining plants. 6 in each group. were har- 
The roots of the controls were 
symptoms 


vested at flowering. 
rotted, and other 
were present. Damage on plants dipped in Lysol- 
ferbam was negligible. A little yellowing of bulb scales 
and killing of roots occurred on the thiram-—treated 


severely characteristic 


plants, but much less than on the controls. 

For another fungicidal test, leaf scales were broken 
from infested bulbs and divided into 3 lots of 30. 
One lot served as controls, 1 was soaked 45 minutes 
in Lysol—ferbam, and 1 was held 15 minutes in Lysol- 
ferbam under a vacuum at about 25 in. of mercury. 
Bulblets were propagated from the bulb scales and 
grown in the greenhouse. After the plants had _ be- 
come established in the pots, visible symptoms were 
present on more than 50 per cent of the 46 propagated 
from the controls. The 130 plants propagated from the 
2 treated lots of bulb scales were. at this stage, all 
healthy. Twelve plants were chosen at 
random from each treatment and shaken from the 
pots. The underground parts were examined in detail. 
Of the controls. 11 had symptoms, and only 1 was 
symptom-free. Of the 24 plants propagated from the 
treated bulb scales, all were free from characteristic 


apparently 


symptoms. Microscopic examination of several of these 
plants failed to reveal any Rhizoctonia mycelium. Later 
a little mycelium was found on some plants grown from 
treated bulb scales. 

The Lysol-ferbam treatment was recommended for 
testing on a commercial scale (1). Many thousands 
of bulbs for forcing in California greenhouses have 
been treated, and first results are promising. 

Relation of leaf scorch to root injury. 
plants in the first fungicidal trial were harvested at 
flowering. they were examined for leaf scorch. There 
was a mean of 3.7 dead spots a plant on the controls, 
and one of 0.5 on the plants treated with fungicides. 


Before the 
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The difference was clearly significant. Anatomical 
examination of 5 plants affected on 1 side by leaf 
scorch showed a corresponding one-sided location of 
root and bulb damage. These 2 facts, combined with 
the association between root injury and leaf scorch 
discovered in the nutrition experiment, provide strong 
circumstantial evidence of a connection between root 
damage and leaf scorch throughout these experiments. 


If there is a cause-and-effect relationship between 
root damage and leaf scorch, it must involve the 
vascular system connecting leaves and roots; therefore, 
observations on the vascular system of Croft lily 
plants were made. Leaf traces were found to pass 
separately into the stem. There was some association 
of traces in bundles a little distance down the stem, 
but their general course was vertical, with slight radial 
and spiral displacements. Several small experiments 
on transport of dye, from single leaves downward and 
from single roots upward, indicated direct vascular 
connections between roots and leaves. There was very 
little transverse interchange of contents between 
vascular elements except in bulblet plants with leaves 
in a rosette. Results of dye absorption through a 
young main root on the basal plate of a plant which 
had begun to unfold flower buds may be cited as an 
example from these experiments. The dye solution 
was drawn mainly into 2 vascular bundles in the base 
of the stem. These bundles were on the same side as 
the insertion of the absorbing root. At the level of the 
younger expanded leaves, the colored bundles divided 
into approximately 20 traces and entered 6 adjacent 
leaves on the same side of the stem. The numerous 
remaining leaves below, above, and around the stem 
had no colored vascular elements. 

In these experiments 2 dyes were used: neutral red 
and trypan blue. The former penetrated little, except 
through cut ends of roots or leaves; the latter was 
drawn through apparently uninjured and 
appeared faintly in a number of vascular bundles at 
the base of the stem. Higher in the stem, only the 
direct channels of transport were colored by either dye. 

Discussion.—Throughout the work on lily leaf 
scorch (5, 6, 7, 8, 9, 10), constant stress has been laid 
on the variability of its incidence, both among plants 
grown from the same lot of bulbs, and among groups 
of plants from different lots of bulbs. Such variability 
is much more characteristic of a disease than of a 
nutritional disorder. Severe Rhizoctonia infestation of 
Croft lily bulbs as received for forcing and root rot on 
the growing plants are similarly variable in incidence. 
Findings such as the enhancement of leaf scorch by 
heavy watering (9) and its reduction by large amounts 
of organic matter or manure in the soil (9, 10) further 
between leaf and an 


roots, 


suggest an association scorch 
underground pathogen. 

If an underground pathogen such as Rhizoctonia 
incites the production of leaf scorch, the attempt to 
prevent leaf scorch by controlling the nutrient level 
is an attack on symptoms rather than on the causal 


agent. Variable reactions to such treatments and to 
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alterations of environment must be expected. Con- 
trolled nutrition might reduce the incidence of leaf 
scorch either by acting on the underground complex of 
plant, soil, rhizosphere, and pathogen; or by altering 
the state of the tissues, which determines their necrotic 
reaction. to disturbing influences from The 


analysis in this paper of the results of fertilizing with 


below. 


nitrogen compounds indicates that both kinds of reac- 
tion may occur at the same time but in opposite 
directions. 

For this reason, the effects of nutrition on Rhizoctonia 


disease and on leaf scorch make an interesting com- 


parison. High nitrogen, although it produced toxic 
effects and encouraged root damage, reduced leaf 
scorch. If its effect on leaf scorch were direct and 


simple, it should have increased leaf scorch by damag- 
ing the roots. The mechanism that suppressed leaf 
scorch seems to have been independent of the damage 
done to the roots. Possibly it was the same mechanism 
as that which encouraged bud blast. The amounts 
and the forms of nitrogen in the foliar tissues may have 
influenced both bud blast and the necrotic reactions of 
leaves to localized root injury. 

Little definite evidence was obtained on 
method of storage before planting affected the incidence 
of Rhizoctonia root rot and leaf scorch, but it seemed 
to have more influence on the leaf necrosis than on 
root rot. The successful induction of leaf scorch in 
these trials also led back to the question of environ- 
mental factors that Light 
intensity, which rose to 3500 foot-candles on bright 


how the 


influence its incidence. 


days. may have played a part in the induction of 
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necrosis. Such intensities are comparable with those 
in eastern greenhouses, where lilies are grown at 
intensities of around 2500-3000 foot—candles and where 
the incidence of leaf scorch is high. Heavily shaded 
commercial greenhouses in southern California pro- 
vide light intensities of around 1000 foot—candles when, 
outside, the intensity may be around 10,000 foot- 
candles. In California the incidence of leaf scorch is 
low. The difference in light intensity obviously affects 
the transpiration rate and the type of leaf tissue pro- 
duced by the plants. At low light intensity, the low 
transpiration rate may allow even badly damaged 
root systems to provide sufficient water to the leaves 
and thus prevent necrosis. 

The evidence now available seems to favor the view 
that there is an inciting agent involved in the develop. 
ment of leaf scorch. It seems likely from more recent 
observations that inciting agents other than Rhizoctonia, 
€.g., nematodes attacking the roots, may sometimes be 
involved. Preventive and therapeutic treatments should 
be tested in combination with soil sterilization and 
recommended fertilizer applications. In_ instances 
where bulbs for forcing are seriously infested with 
Rhizoctonia, dipping in Lysol-ferbam and planting in 
sterilized soil might be tried, as recommended this last 
season for root rot of forced lilies in California (1). 
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THE RELATION OF THE TOBACCO CYST NEMATODE TO TOBACCO GROWTH ! 
B. F. Lownsbery” and B. G. Peters* 


SUMMARY 


In an outdoor pot experiment, height and final 
weight of plants of Connecticut 15 shade tobacco 
were inversely proportional to the logarithm of the 
initial density of viable encysted larvae of Heterod- 
era tabacum (the tobacco cyst nematode) in soil in 
which the plants were grown. This was true over 
the range 50-3200 larvae/g of soil. Every 10-fold 
increase in density led to a loss in plant weight of 
139 g for normally fertilized plants and 25 g for 
smaller, unfertilized plants. The highest density 
which maintained itself was 1000 larvae/g of soil. 
At this density reduction in weight of normally fer- 
tilized plants was 25 per cent. A field reduction of 
this magnitude would be economically important. 
Field populations have not been studied long 


enough to show whether or not they will follow the 
pot fluctuations. The 1953 field increase from 103 to 
359 viable encysted larvae/g of soil is of the same 
order as the increase in the pot experiment in this 
population range. 

In a field plot experiment, Connecticut 15 and 
Connecticut 49 shade tobacco plants grown 2 
months in dichloropropene—dichloropropane treat- 
ed plots (0.1 viable encysted larvae of H. tabacum/ 
g of soil) were 15 and 22 per cent taller, respective- 
ly, than controls grown in untreated plots (103 
viable encysted larvae of H. tabacum/g of soil). In 
this experiment nematode reduction was confound- 
ed with other fumigant effects, e.g. ammonia nitro- 
gen was raised and nitrate nitrogen was lowered. 





The tobacco nematode, Heterodera tabacum 
Lownsbery and Lownsbery, is known to parasitize to- 
bacco on but a single farm at Hazardville, Connecticut. 


Its closest relative appears to be the golden nematode 


cyst 


of potatoes, Heterodera rostochiensis Wollenweber, but 
it differs from that species in morphology (11) and 
host preferences (3, 4, 10, 12). 

H. tabacum has not produced marked crop reduc- 
tion in the field although the population level (as high 
as 6 cysts and 103 viable larvae/g of soil) suggests 
that it the Hazardville fields for 
years. Tomato is the only crop plant other than to- 


has been in many 
bacco on which the tobacco cyst nematode has been 
(10, 16). It tomato in 
such small numbers (10) that it appears to be of no 


found to mature matures on 


consequence as a tomato pathogen. Even tobacco is 
not the preferred host of H. tabacum. Experimentally, 
it matures on common nightshade in much greater 
numbers (10) 
suggests that the tobacco cyst nematode may not be 


than on tobacco. The above evidence 


of much economic importance. However, shade tobacco 
is a high value crop and Heterodera populations are 
difficult to 2 


Consequently the 2 experiments 
reported here were designed to learn during the 1953 


reduce. 
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season as much as was feasible concerning the eco- 
nomic potential of the tobacco cyst nematode. In a 
pot experiment, tobacco was grown at 5 population 
densities of H. tabacum: 3 below, and 2 above the 
highest present field population density. In a field ex- 
periment, tobacco was grown on the most heavily in- 
fested area in plots treated with a soil fumigant, and 
in untreated plots. 

Pot EXPERIMENT.—Method.—A large supply of 
cysts of H. tabacum was obtained from heavily infested 
soil by flotation and by screening with 20 and 60 mesh 
screens. The product, which also contained root par- 
ticles, seeds, and other organic debris, was dried, re- 
screened, and rotated 3 hours in a churn for homoge- 
neity. Viable larval content of the cysts was deter- 
mined following a modification of the method used by 
Peters and Fenwick (14), except that leachings were 
from potted plants of Solanum nigrum. This was sup- 
plemented by examination of cyst contents after emi- 
gration. Lots of 100 cysts were obtained with an 
aspirator (7). Each lot was presoaked for a week in 
tap water in an embryo dish. The water in each em- 
bryo dish, together with any emigrated larvae, was then 
pipetted to a labeled jar of 10 per cent formalin pre- 
servative. The cyst lots were then soaked for 3 weeks 
in 20 drops of leachings of S. nigrum. The leachings 
were changed weekly. Old leachings and emigrated 
larvae from each embryo dish were saved in jars of 
formalin preservative. The total emigrated larvae for 
each lot of 100 cysts was calculated from counts ob- 
tained by means of a Peters counting slide (6) of the 
larvae in 1 ml aliquots from each jar of formalin. 
After the emigrated larvae had been determined, all 
100 cysts in each lot were opened with a Hagedorn 
needle and washed into an undersized (11% in. diam- 
eter) Waring Blendor cup. The blender was run 15 
seconds to break up egg clumps. Contents of the 
blender were washed into a graduate cylinder and the 
viable-appearing larvae in an aliquot were counted. 
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The number of these larvae which had not emigrated 
but which were viable-appearing, was only 6.13 + 0.03 
per cent of the number of emigrated larvae. Since the 
viability of these nonemigrated larvae could not be 
relied upon with the same certainty as that of the 
emigrated larvae, the former are not included in the 
population figures. 

Soil used was from a Hazardville field which we had 
found to be free of H. tabacum and of other plant 
parasitic nematodes. It was an alluvial sandy loam of 
the same soil type as the infested field, and typical of 
tobacco soils in the Connecticut River Valley. This 
soil was screened and coned for homogeneity. 

Weighed quantities of the concentrated cyst material 
were added to 10—in. pots of the uninfested soil to 
give densities of 51, 205. 820, and 3278 viable encyst- 
ed larvae/g of soil. These densities do not differ sig- 
nificantly from the rounded figures of 50, 200, 800. and 
3200 used in analysis. The nematode-free control and 
the lightly infested pots received proportionately 
of the organic debric accompanying the cysts than did 
the more heavily infested ones. This was compensated 
for by the addition of dried peat in quantities such 
that organic matter was brought to the same level in 
all pots. The soil, cyst mixture. and peat moss in each 
pot were emptied into a large enamel photographic 
developing tray. Chemical analysis of the soil had 
shown that it needed approximately 500 lb. CaCO, 
acre and 250 lb. NaNO./acre for growing tobacco. 
These nutrients were added to the tray contents of half 
the pots at each population level. The other half were 
not fertilized so that the H. tabacum fertilizer inter- 
action could be studied. Tray contents were mixed 
thoroughly and were poured back into the pots. Then 
the 40 pots were sunk in the field in 4 randomized 
blocks, each block containing 5 infestation levels with 
fertilizer and 5 infestation without fertilizer. 
A population of Connecticut 15 shade tobacco seed- 
lings was selected for uniformity, and a single seed- 
ling was transplanted to each pot on June 11. The 
seedlings had been reared on nematode-free soil treated 
with Dowfume MC-2 (monobromomethane). 

Fertilized pots received 
liquid fertilizer every 2 weeks. The unfertilized series 
received only water at this time. All pots were watered 
when lack of rain made this necessary. Heights of 
plants were recorded after 5, 7. 8, 9, 11 and 12 weeks 
of growth. Total plant weights were obtained and 
populations of H. tabacum assayed after 12 weeks of 
In the assays, soil from each pot, including 


less 


levels 


additions of a complete 


growth. 
soil and cysts jarred from roots, was mixed thoroughly 
in the large photographic developer tray. Cysts were 
floated and screened from an aliquot portion and 
counted with the aid of a stereoscopic microscope and 
a Fenwick counting tray (6). Viable larval contents of 


The 


these cysts were assayed as described earlier. 


number of viable-appearing larvae which remained 
encysted after 3 weeks exposure to leachings of Sola- 
num nigrum was only 2.88 + 0.03 per cent as great as 
the number of emigrated larvae. 


viable larvae 


The 
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which did not emigrate again were excluded from total 
population calculations. 

Results and conclusions.—Application of the stand- 
ard analysis of variance technique revealed, after 5 
weeks of growth and for the duration of the experi- 
ment, a significant height reduction at the highest 
density of 3200 larvae/g in both fertilized and un- 
At 800 larvae/g the reduction bor- 
At 200 and at 50 larvae/g the 
reductions were not significant. Similar analysis of 
final plant weights showed that weight reduction was 
significant only at 3200 larvae/g and only in the fer- 


fertilized plants. 
dered on significance. 


tilized series (Table 1). However, a graphical plot of 
the height and weight data against the logarithm of 
the density revealed a set of roughly linear relation- 
ships and this suggested that a regression method 
would give a more sensitive analysis, because it makes 
full use of the data at all densities, other than zero. 

Since, in logarithmic transformation, the 4 density 
levels (excluding zero) are at equally-spaced intervals, 
namely of log 4, it is permissible to apply to the height 
and weight data the orthogonal polynomial technique 
of Fisher and Yates (5; p. 20, 62), treating fertilized 
and unfertilized plants separately. With 4 levels of 
log density (x) it is possible to find a cubic equation 
in x which will relate accurately density with height 
or weight (y). Linear and quadratic equations will 
be successive approximations to this perfect fit. The 
essence of the technique is to start with the linear term 
and to see if the residual deviations of y from the fitted 
line can be reasonably ascribed to random variation. 
If not, the next term must be fitted. 

In the event, all 12 sets of height data and both sets 
of weight data showed that the quadratic and cubic 
terms could be disregarded as trivial and that the re- 
lationship could be described adequately as: 

Y=y+t+b (x-x) (1) 
where Y is the height or weight to be calculated for 
any given larval density (x), Y is mean height or 
weight, x is mean log density, and b is the linear 
regression coefficient of y on x. In all cases the value 
of x is 2.602. corresponding to a geometric mean 


TaBLe 1.—Mean heights and weights of potted tobacco 
plants grown 12 weeks at 5 population levels of H. 
tabacum 


Larvae/g 
soil at Height Weight 
planting date Fertilized Unfertilized Fertilized Unfertilized 


cm cm g g 
0 179 78 370 78 
S135 178 65 422 53 
20520 169 60 358 48 
820+81 140 36 278 18 
3278+325 85 25 170 12 
LSD at 5 per 
cent level 36 124 
LSD at 1 per 
cent level 49 168 
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TaBLeE 2.—Constants for equation 1* showing the relation of 
height or weight of potted tobacco plants to log inocu- 
lation density of larvae of H. tabacum/g of soil 


Unfertilized plants Fertilized plants 


y b y b 

Plant height cm cm 
Day 35 22.2 — 7.430.111" 30.5 12.7+3.56 
49 29.5 —13.2 +0.880" 54.2 —23.4+5.00" 
58 34.6 —15.6 +1.73° 68.6 —28.1+5.73” 
65 37.1 —17.8 2.25" 85.8 —32.6+5.29” 
78 43.1 —20.9 +3.50” 120.8 —47.8+7.38” 
87 16.3 —23.9 +3.93” 142.7 —51.0+11.9 

Plant weight g g 
32.7 —25.3 +6.08 306.8 —138.6+11.9" 

*"Y = y + b (x-x); in all cases x = 2.602. 


» Significant at 5 per cent level, at which b in terms of its 
standard error is t = 4.303. 


density of 400 larvae/g. The value of y ard b are 
given in Table 2, where —b average 
reduction in height (cm) or weight (g) for every unit 
increase in x, i.e. for every 10-fold increase in larval 


measures the 


density. 

Since only 4 points are fitted in each analysis, the 
method is not Nevertheless all the 
values of b are significant at the 5 per cent level except 
those for height of fertilized plants at days 35 and 87, 
and those for final weight of unfertilized plants. These 


very sensitive. 


closely approach significance. The most striking line- 
arity is found in heights of unfertilized plants at day 
35, where regression accounts for 99.9 per cent of the 
variability of the means, and in weights of fertilized 
plants where the corresponding percentage is 98.6. 
Such a result fully justifies the use of logarithmic 
transformation of density levels. 

One curious result fails to show in the above analyti- 
cal method, because of the fact that the 
controls necessarily are omitted from a logarithmic 
transformation of density. The heights and weights of 
infested plants were less than those of the controls (as 


uninfested 


would be expected), except in the fertilized series at 
the lowest inoculation density of 50 larvae/g of soil. 
Here the infested plants were slightly heavier (422 g) 
than the controls (370 g), and on all measuring occa- 
sions except the last were slightly taller (e.g., on the 
5th occasion controls were 146 cm and the others 158 
em high). This apparent stimulation by a few nema- 
todes may or may not be real; it was not statistically 
significant. 


TABLE 3. 


H. tabacum inoculum 


Fertilized 


Cysts/g Larvae/g Cysts/g 


0 0 0 
0.50.02 515 1.7+0.2 
2.00.1] 20520 5.4£0.5 
8.1+0.3 820+81 13.6+0.8 

S2.da het 32784325 39.7£1.3 
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One object of the experiment was to investigate the 
interaction between density and fertilizer levels. For 
this purpose all 40 plants were combined in 1 analysis 
for final weight and 1 for each of the 6 sets of height 
data. In no case was there a significant interaction 
between density level and fertilizers; it therefore can 
be assumed that the beneficial effect of fertilizers and 
the harmful effect of the nematodes operate indepen- 
dently. This combined analysis revealed a correlation 
between mean height and its standard deviation. This 
raises the question whether or not, for analysis of 
variance, heights should be analyzed in logarithmic 
transformation. On testing this for the anomalous case 
of heights of fertilized plants at 87 days (where b 
failed to achieve significance because of a trend to- 
wards a quadratic form of curve), all treatment vari- 
ances were increased relatively but b still was not 
significant. 

From the regression analysis it is concluded that the 
height and weight of tobacco plants were reduced sig- 
nificantly by high as compared with low densities of 
H. tabacum, over the range 50 to 3200 larvae/g of soil. 
The reductions for every 10-fold increase in larvae/g 
are indicated by the values of b in Table 2, where the 
values of y give the height or weight at 400 larvae/g. 
The heights and weights of uninfested control plants 
were comparable with those of plants at low infesta- 
tion densities, but at 50 larvae/g it is possible that fer- 
tilized plants were slightly taller and heavier than the 
uninfested controls. Plant heights appear to provide a 
more sensitive criterion for experimental purposes than 
do final plant weights. 

We have shown that H. tabacum can stunt tobacco. 
How serious this stunting will be in the field would 
appear to depend mainly on how high the field popu- 
lation density will go. In the fertilized series of pots 
(which should more closely resemble field conditions 
since commercial tobacco receives ample fertilizer) 
the lowest population density (Table 3) more than 
tripled. The next higher population density more than 
doubled. The 800 population density went up to 1100, 
and the highest population density dropped back to 
700. This would indicate that a density of approxi- 
mately 1000 larvae/g of soil might be able to main- 
tain itself. A yield reduction in the field equal to that 
obtained in pots at this population density would be of 


4 geometric series of population levels of H. tabacum before and after 3 months of tobacco growth* 


Final H. tabacum 


Unfertilized 
Larvae/g 


Larvae/g Cysts/g 


0 0 0 


17135 1.30.03 13120 
570+99 3.60.05 31227 
1108+84 88.10.4 295 +42 
781198 33.8£1.9 700145 


"Population levels are the means of 4 replicates together with their standard errors. 
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economic importance. Over a period of years nema- 
tode populations do not, of course, rise to a plateau 
and stay there, but oscillate above and below a long 
term mean level, even if monoculture is practiced. 
Therefore, even if field populations did follow the pot 
trends, alternating large and small losses with tobacco 
monoculture would be Whether or not 
changes in the population of H. tabacum in the field 
will follow the changes which occurred in a pot ex- 
periment is not certain. However, the 1953 field in- 
crease from 103 to 359 viable encysted larvae/g of soil 
(Table 5) is of the same order as the increase in the 
pot experiment in this population range. 


expected. 


The larval emigration method, by which popula- 
tions were determined in 
that larvae migrated freely in 
formed the previous summer. This behavior appears to 
differ from that of Heterodera rostochiensis, whose 
larvae in current year’s cysts have been observed to 
emigrate less frequently than larvae from older cysts 
(9). Abundant migration from current year’s cysts 
suggests the possibility of more than one generation a 
year. Growing tobacco roots are present in tobacco 
fields for more than 12 weeks. The length of the life 
cycle of H. tabacum has not been determined accu- 
rately. 


terms of larvae, revealed 


October 


from cysts 


FIELD EXPERIMENT.—Method.—Twelve field plots, 
each 8 x 8 feet, were used on the area most heavily 
infested with H. tabacum at Hazardville, Connecticut. 
Fumigant treatments were 1) 90 gal. Shell DD mixture 
(approx. 50 per cent 1,3-dichloropropene; the remain- 
der 1,2-dichloropropane and traces of higher chlo- 
rides) /acre, 2) the same fumigant at 45 gal. /acre, 
and 3) an untreated control, arranged in 4 randomized 
blocks. DD Mixture was chosen because it is an ef- 
fective Heterodera ovicide (2). Fumigant treatments 
were applied in 2 half-dosages September 26 and Oc- 
tober 6, 1952. Plots were turned over October 6 be- 
fore the second treatment. On June 10, 1953, 8 soil 
tube probes, 7 in. long, were taken from the central 
area of each plot. Each composite soil sample was 
mixed thoroughly, and the population of H. tabacum 
was then determined as described in the pot experi- 
ment. Soil temperature, moisture, type, and prepara- 
tion had been favorable, and a good kill was obtained 
in treated plots (Table 4). Shade tobacco was planted 
June 10: 2 blocks to variety Connecticut 15, and 2 
blocks to Connecticut 49. Spacing and fertilization 


TaBLe 4.—Population levels of H. tabacum in plots treated 
with DD mixture and in untreated controls before and 
after growth of a tobacco crop* 


Fumigant Before tobacco growth After tobacco growth 


dosage Cysts/g Larvae/g Cysts/g  Larvae/g 
gal./acre soil soil soil soil 
0 5.9+0.3 10320 8.4+0.4 35955 
45 6.7+0.3 0.10.1 6.9+0.2 6+5 
90 6.7+0.4 0.10.1 6.9+0.6 2) 


* Mean of 4 replicates with standard error. 
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TasBLe 5.-Heights of tobacco plants grown in plots treated 
with DD mixture, and in untreated control 


Height 
After6 weeks After 7 weeks After 8 weeks 
Fumigant Conn. Conn. Conn. Conn. Conn. Conn, 

dosage 15 49 15 19 15 49 

gal./acre in. in. in. in. in. in : 
0 37 28 62 53 71 65 
15 13 37 70 66 79 78 
90 41 41 69 70 83 83 


L.S.D. at 5 per 
cent level 13 13 12 
L.S.D. at 1 per 


cent level 20 21 19 


of plants, and harvesting. drying, and curing of leaves 
followed commercial practice. Plots were covered with 
a shade tent. Heights of 5 plants in the center of each 
plot were recorded after 6, 7, and 8 weeks of growth. 
No height measurements were made beyond 8 weeks 
because tops had reached the shade tent, and the re- 
sulting twisted and broken tops could not be mea- 
sured accurately. Tobacco plants were allowed to 
grow until September 16, when tops were cut off, soil 
and cysts shaken from roots, and soil in plots turned 
with a spading fork. Soil was then sampled and the 
population of H. tabacum determined as before. To- 
bacco men judged the tobacco as to color, texture, and 
burn.* Taste tests were made on leaves rolled on com- 
mercial cigars. 

Results and conclusions.—Tobacco plants grown in 
untreated plots were consistently shorter than those 
grown in plots treated with DD Mixture. With the 
replication used in this experiment, however, this dif- 
ference was not highly significant statistically (Table 
dE 

After 8 weeks, variety Connecticut 15 averaged 15 
per cent shorter, and variety Connecticut 49 averaged 
22 per cent shorter, in untreated plots. The initial 
population of H. tabacum in these untreated plots was 
approximately 100 viable encysted larvae/g of soil 
(Table 4). The 15 and 22 per cent height reductions 
at this population level are greater than the pot ex- 
periment would predict. (From the regression equa- 
tion and height data for day 58 in Table 2, fertilized 
Connecticut 15 plants would have given a mean height 
of 85.5 em at 100/g. This is 2.0 cm lower than the con- 
trols or a height loss of 2.3 per cent). However, a part 
of the above 15 and 22 per cent differences may be 
height increase caused by effects of DD mixture other 
than nematode reduction (13). Chemical soil analysis 
after one month of tobacco growth showed higher am- 
monia nitrogen and lower nitrate nitrogen in treated 
plots. This effect of fumigation has been observed 
frequently, particularly with dichloropropene—dichlor- 
opropane mixture (1). In some instances this effect 
has been said to improve growth by conserving nitro- 
(8). In other cases it has been said to reduce 

4 “Burn” = the capacity of leaf to maintain a “glow” 
after it has been lit. 
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growth by reducing available nitrogen (15). In any 
event the delayed nitrification was a confounding ef- 
fect in this experiment. 

Variety Connecticut 15 shade tobacco was somewhat 
taller than variety Connecticut 49 in the untreated soil 
(Table 5). In an earlier host preference test (10), 
white female counts on Connecticut 15 were among 
the lowest on the 18 tobacco varieties tested. 

The more than 3-fold multiplication of H. tabacum 
in the untreated plots indicates that the field popula- 
tion is still rising. Extent of winter population reduc- 
tion has not been studied. 

DD mixture at 45 gal./acre produced cured tobacco 
more tender, smoother, and darker than the control. 
The burn was fair and taste was as good as the con- 
trol. Leaves from the 90 gal./acre treatment had a 
very poor burn and a dark veiny appearance, which 
made them unsuitable for commercial use. In this ex- 
periment fumigation was used as a tool to reduce the 
population of H. tabacum for pathogenicity assess- 
ment, and the high DD rates were selected primarily 
for this purpose. The. pot experiments indicate that 
control of the tobacco cyst nematode to prevent yield 
reduction need not be as complete as was achieved in 
this field plot test. Lower rates of DD mixture appli- 
cation, applications of other nematicides, and cropping 
with a nonhost before or after chemical treatment 
might be tried for commercial control of H. tabacum. 
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EFFECT OF AIR TEMPERATURE ON INITIATION AND DEVELOPMENT 
OF GRAY LEAF SPOT AND NAILHEAD SPOT OF TOMATO ! 


Albert Otto Paulus and Glenn S. Pound 


SUMMARY 


The effect of air temperature on initiation and 
development of gray leaf spot, incited by Stemphy- 
lium solani, and nailhead spot, incited by Alternaria 
tomato, of tomato was studied. A disease survey 
showed that neither S. solani nor A. tomato was 
prevalent in Wisconsin in 1952 and 1953. Spore 
germination of both fungi occurred over a tempera- 
ture range of 4-36°C. Maximal growth of all iso- 
lates of both fungi in pure culture was obtained at 
24-28°, with growth on potato-dextrose agar occur- 
ring over a temperature range of 8-36°. In green- 
house studies, most infection with both pathogens 
was obtained at 26° with less infection at 22°, 18°, 
and 14°. Infection at 14° was in all cases signifi- 
cantly less than at other temperatures. Infection 
with S. solani was obtained after 3 hours at 14° or 
26° but not at 10°. Only an occasional lesion was 
produced at 10° even after 24 hours. With dilute 
inoculum, development of gray leaf spot ranged 
from very slight at 28° to moderate or severe at 16°. 
With concentrated inoculum, development of this 
disease was very severe at 16°, 20°. and 24° and 
markedly reduced at 28°. With A. tomato, com- 


plete defoliation always was obtained whether in- 
oculum used was dilute or concentrated although 
the plants defoliated about 1 week sooner with 
concentrated inoculum. Sporulation of S. solani on 
infected plants was obtained after 12 hours at 14°, 
18°, 22°, or 26°, but sporulation was never ob- 
served at 10°, even after 48 hours. With A. tomato, 
sporulation was obtained after 9 hours at 14°, 18°, 
22°, or 26°, and spores were produced at 10° only 
after 36-48 hours. Only a trace of infection was 
obtained in collar rot experiments with S. solani 
and a trace to slight infection in those with A. to- 
mato. With A. tomato, collar rot development re- 
sembled that produced by A. solani in that severity 
increased with decrease of soil temperature. How- 
ever, development was much less severe with A. 
tomato than with A. solani. Data obtained indicate 
that prevailing temperatures in Wisconsin during 
the growing season so suppress inoculum build-up 
of S. solani that it exists at a very low level or not 
at all. Resistant varieties apparently have restrict- 
ed the prevalence and distribution of A. tomato. 





Nailhead spot incited by Alternaria tomato (Cke.) 
Weber was formerly one of the most destructive dis- 
eases of tomato (Lycopersicon esculentum Mill.) in 
the southern part of the United States (18). Rosen- 
baum (14) reported that it was by far the most de- 
structive and widespread disease of tomato with which 
the growers of southeastern United States had to con- 
tend. However, in recent years varieties resistant to 
nailhead spot have reduced losses greatly (4, 6). 

Gray leaf spot incited by Stemphylium solani Weber 
was first recognized in Florida in 1924 by G. F. Weber 
(17). Since then it has spread northward and has 
become of increasing importance in other states and 
countries (1, 2, 7, 8, 9, 15, 16, 17). 

Since these diseases were not known to occur regu- 
larly in Wisconsin, it was thought that perhaps they 
did occur and were being confused with the early 
blight disease incited by Alternaria solani (Ell. & 
Mart.) Jones & Grout. Therefore, a part of this study 
was undertaken to ascertain to what extent, if at all, 
these 2 diseases occur in Wisconsin. The main part of 
this paper, however, deals with the effect of tempera- 
ture on initiation and development of these 2 diseases 
of tomato. A preliminary report already has been made 
(11). 

MATERIALS AND METHODS.—The sources of isolates 
of S. solani used were as follows: isolate A, Dr. G. F. 
Weber of Florida; isolate B, Dr. C. F. Andrus of South 
Carolina; isolate C was isolated from a tomato leaf 


1 Accepted for publication November 22, 1954. 


collected by Dr. John Darby in Florida. The isolate 
of A. tomato was obtained from Dr. G. F. Weber. 

Production of conidia was highly irregular and very 
unpredictable. Sporulation in pure culture was ob- 
tained by growing cultures recently isolated from to- 
mato leaves on a medium developed by Diener (5) 
consisting of 3 per cent agar and 20 per cent “V-8” 
vegetable juices and later irradiating them with ultra- 
violet. This method also was used for inducing sporu- 
lation for identification of isolates obtained in a dis- 
ease survey in the summers of 1952 and 1953. Bonny 
Best tomato plants were used in all experiments. For 
the defoliation studies, the plants were grown singly 
in 4-in. clay pots in a mixture of 3 parts greenhouse 
compost to 1 part sand. Inocula for experiments with 
isolates A and C of S. solani and the isolate of A. to- 
mato were prepared from cultures grown on modified 
Czapek’s solution. Because prolific growth was not 
obtained with isolate B on Czapek’s solution a modifi- 
cation of the liquid medium used by Andrus (3) was 
employed. The mycelial mat from 3 culture bottles 
containing 150 ml of medium was homogenized in 
1350 ml of distilled water to produce a concentrated 
inoculum or in 2700 ml of distilled water to produce 
a dilute inoculum. For some of the experiments with 
isolate C a spore suspension was used. 

The inoculum was applied to the leaves with an 
atomizer attached to a compressed air line. The 48 
plants, 8-10 in. tall, inoculated for each experiment 
in the defoliation studies were divided equally among 
4 moist chambers in which the air temperatures were 
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held at 14°, 18°, 22°, or 26°C. The plants were kept 
in the moist chamber at 100 per cent relative humid- 
ity for 48 hours and then removed to open greenhouse 
benches, the plants from each moist chamber being 
divided equally among 4 houses kept at 16°, 20°, 24°, 
or 28°. Thus for each air temperature studied there 
were 3 plants from each of the 4 moist chambers. 

In calculating disease indices, 6 classes, based on in- 
fection and development, were used. These were as- 
signed values of 0, 10, 25, 50, 75, and 100, respective- 
ly, with 100 being the most severe reaction. Interclass 
values were used when necessary to rate the infection 
more accurately. In the defoliation experiments, the 
index given is the average value of 3 plants. Each 
plant value was obtained by rating 4 or 5 of the basal 
leaves, starting with the first 5-leaflet leaf. The values 
given in the table, therefore, are the average ratings 
of 12-15 leaves. 

All 3 isolates of S. solani and the single isolate of 
A. tomato used in the defoliation studies also were 
used in the collar rot studies. Inocula were prepared 
and plants were inoculated by the method developed 
by Andrus (3), working with A. solani. Inoculated 
plants were transplanted into soil in flats held at 16°, 
20°, 24°, or 28°. After 4 weeks’ growth, the plants 
were pulled, washed, and examined for evidence of 
collar rot. Severity ratings used were the same as for 
the defoliation studies. The disease index was calcu- 
lated by multiplying the number of plants in each 
class by the class value and dividing the sum of the 
products by the total number of plants. 

EXPERIMENTAL RESULTS.— Disease survey.— Surveys 
were made in the summers of 1952 and 1953 to deter- 
mine if S. solani and A. tomato occurred on tomato in 
Wisconsin and, if so, their prevalence. The surveys 
were largely in southeastern Wisconsin, particularly in 
the Kenosha-Racine-Milwaukee area, but some isolates 
were obtained elsewhere in the state. Most of the 
tomato plants grown in this area are obtained from 
seedbeds in the southern states from which S. solani 
and A. tomato might be introduced on transplants. 
Isolations were made as much at random as possible 
from leaf or stem lesions of plants showing “early 
blight” symptoms. No material was discarded because 
it was thought to be infected with A. In the 
1952 survey, 450 isolates were identified, and in the 
1953 Of these, 
none was S. solani or A. 4. solani 


solani. 


1543 isolates were identified. 
All were 


or nonpathogenic species of Alternaria. 


survey 
tomato. 


Effect of air temperature on spore germination.—In 
deep-well slide germination tests in distilled water, 
spores of all isolates of S. solani germinated equally 
well from 16° to 32°C although the germination was 
accelerated at the higher temperatures. Below 12° 
germination was retarded considerably although 100 
per cent germination was obtained at 12° after 24 
hours. Germination was reduced greatly at 4° and 
germ tubes produced at that temperature were very 
short and could not have incited infection during the 
observation time interval. At 8 tubes 


germ were 
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longer and conceivably could have incited the disease. 
At 12° only 1 germ tube per spore was usually evi- 
dent; at higher temperatures from 3-5 germ tubes 
usually were produced. Germination at 36° was very 
rapid but plasmolysis was common and it is doubtful 
that infection could have been obtained. 

Conidia of A. tomato germinated over the same tem- 
perature range as did S. solani. Germination was re- 
tarded at 4°-8° and accelerated at the higher tem- 
peratures. Germ tubes at 4° and 36° were very short 
and could not have incited infection within 48 hours. 

Effect of air temperature on growth in pure culture. 
—Single spore cultures of all 3 isolates of S. solani 
and the single isolate of A. tomato were grown on the 
same batch of potato-dextrose agar at air tempera- 
tures of 4°, 8°, 12°, 16° 20°, 24°, 28°, or 36° C. 

In each of 3 experiments it was found that the tem- 
perature for maximal growth for each isolate of S. 
solani and the single isolate of A. tomato is 24°-28° 
(Fig. 1). This is in agreement with earlier work of 
Nightingale and Ramsay (10). Isolate B grew fairly 
well at 36° whereas isolates A and C had almost no 
growth at this temperature. Growth at 4° was prac- 
tically nil for all isolates of S. solani and for A. tomato. 
In 2 experiments, A. tomato showed some growth at 
36°, but in the other experiment it was completely 
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inhibited and killed at this temperature. 

Effect of air temperature on leaf infection and de- 
foliation—1) Gray leaf spot.—Studies were conducted 
over a 3-year period and each experiment was re- 
peated several times. With all isolates, the first symp- 
toms usually appeared 3-4 days after inoculation. 
However, with concentrated inoculum the disease was 
evident as small, pin-point lesions on plants in the 22 
and 26° moist chambers after 48 hours. 

With dilute inoculum, the most infection was ob- 
tained in the 26° moist chamber. Infection obtained 
from the 14° moist chamber was in all cases signifi- 
cantly less than from the other temperatures (Fig. 5). 
Disease development was very slight at 28° and mod- 
erate to severe at 16° (Table 1 and Fig. 4). Lesions 
at 28° averaged about 2 mm in diameter and those at 
16° were 3-4 mm. Lesion development was _ inter- 
mediate at 20° and 24° with those at 20° resembling 
the symptoms at 16°; those at 24° were more like the 
symptoms at 28°. Lesions were nearly circular at 28 
at 16° they tended to be elongate and irregular and 
were grayish black in color. 

A defense reaction was noted at 28°. The lesions 
appeared to dry up and to become tan in color (Fig. 
4). The disease development seemed to be arrested 
completely and the leaves did not fall from the plant. 
In many cases a defense reaction also was noted when 
the infection in the outer leaflets was more severe than 
on those leaflets close to the stem. This resulted in a 
pinching-off in the middle of the petiole, leaving the 
other leaflets intact (Fig. 6). 

The amount of infection obtained with concentrated 
inoculum in the 18°, 22°. and 26° moist chambers was 
practically the same. Only at 14° was there any ap- 
preciable reduction in infection. This was true of all 3 
isolates. Disease development was very severe at all 
temperatures except at 28° where it was significantly 
less. Defoliation usually resulted before the effects of 
the temperature could be measured accurately. The 
bottom leaves of the plants at 28° usually defoliated be- 
fore a defense reaction could set in, thereby giving a 
disproportionately high disease rating in comparison 
to the development of intercostal lesions. 

In several experiments. plants were inoculated and 
placed in a moist chamber at 10° and left for 48 hours. 
Usually a trace of infection developed with concentrat- 
ed inoculum, but no lesions or just an occasional lesion 
developed with dilute inoculum. This temperature ap- 
peared to be definitely below that normally required 
for infection. 

Production of lesions on the stem of the plant was 
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TaBLe 1.—Jndexes of leaf spotting and defoliation in tomato 
plants inoculated with isolate B of Stemphylium solani, 
kept in moist chambers at specific temperatures for 48 
hours, and then in greenhouses at various air tempera- 
tures 


Greenhouse air temperature 


Moist chamber in *C 
temperature in °C 16 20 24 28 Average" 
Dilute inoculum—Results after 19 days 

14 322. 247 163 100 20.8 
18 540 423 27.3 10.0 33.4 
22 59.7 45.7 346 10.0 37.5 
26 53.0 59.7 31.7 13.0 39.4 

Average" 19.8 43.1 275 10.8 

Concentrated inoculum—Results after 16 days 

14 41.7 44.7 396 26.0 38.0 
18 67.0 66.7 70.3 41.3 61.3 
22 134 6©66T.S GOD 433 61.6 
26 623 69.33 69.0 54.3 63.7 

Average" 61.7 62.00 59.7 41.2 


*L.S.D. (19:1) between any 2 averages for dilute inocu- 
lum, 7.3; for concentrated inoculum, 8.2. 


never evident. With concentrated inoculum, slight, 
linear lesions of a light brown color were noted on 
the petiole. These were very superficial and never 
developed to any extent. 

Since the most infection was obtained at 26° and the 
least infection at 10° and 14°, a study was undertaken 
to determine how long it was necessary to keep the 
plants in the moist chamber to obtain infection at these 
temperatures. It was felt also that this study might 
explain the reduced infection at the lower temperatures 
as being due to insufficient time for the infection proc- 
ess. Twelve plants inoculated with a light spore sus- 
pension were placed in each of 10°, 14°, and 26° moist 
chambers. Three plants were removed from each moist 
chamber at 6-, 9-, 12-, and 24-hour intervals and 
placed at 24° for lesion development. Readings from 
the 7 basal leaves were taken 7 days later. The data 
(Table 2) indicate that it would be possible in the field 
to obtain infection on tomato plants in 6 hours at 14° 
and 26° if the relative humidity were 100 per cent. 
With the temperature at 10° in the field it would take 
at least 24 hours to get an occasional lesion produced 
on the plant. Therefore, it is apparent that a tempera- 
ture of at least 14° is necessary for even light infec- 
tion whereas more severe infection could be expected 
when the temperature approaches 26°. 


2) Nailhead spot.—At 15 days after inoculation with 


>> 


Fic. 2-7. Effect of air temperature on infection and disease development in tomato by Alternaria tomato and Stemphy- 
lium solani. Fig. 2. Leaf symptoms produced by S. solani. Fig. 3. Leaf symptoms produced by A. tomato. Fig. 4. Leaflets 
from plants kept in 22°C moist chamber for 48 hours after inoculation with S. solani and then for 2 weeks at 16°C. (left) 
and 28°C (right). Fig. 5. Leaflets from plants kept in 14°C moist chamber (left) and 26°C moist chamber (right) for 
48 hours after inoculation with S. solani and then for 2 weeks at 16°C. Fig. 6. Defense reaction to S. solani resulting in 
“pinching off” of distal portion of leaf. Fig. 7. Extreme chlorosis (center) preceding defoliation by A. tomato at 16°C 
compared with much more rapid defoliation by extreme necrosis (right) at 28°C. Healthy plant is at left. 
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ito 
u, dilute inoculum of A. tomato, defoliation was almost days, defoliation was practically complete at all tem- 
a complete on the plants kept at 24° and 28°, whereas peratures (Table 3). With concentrated inoculum de- 
a- 


at 16° and 20° plants had not defoliated but were foliation was usually complete after about 14 days, 
markedly chlorotic (Fig. 7). However, after 21-24 with the disease index at 16° being only slightly lower 
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TABLE 2.—Average number of lesions per leaf in 2 trials on 
tomato plants inoculated with Stemphylium solani, 
placed in moist chambers at various air temperatures 

for 6-24 hours, and then held at 24°C 


Moist chamber Hours in moist chamber 


temperature in °C 6 9 12 24 
10 0.0 0.0 0.0 0.1 
14 0.5 0.9 3.2 19.8 
26 0.9 2.8 9.2 54.0 


than at other temperatures. Also, the disease index of 
plants from the 14° moist chamber was slightly lower 
than the others, indicating that low temperatures sup- 
press infection. Therefore, the only apparent difference 
between dilute and concentrated inocula is that the 
leaves defoliate approximately a week sooner with the 
latter. 

Vascular infection with the nailhead fungus was 
very severe both on the stem and the petiole (Fig. 3). 
but almost nonexistent with S. solani. The slightly 
sunken lesions may coalesce and completely cover the 
stem. Long, linear lesions are produced on the petiole. 
With nailhead spot, the affected leaves gradually be- 
come chlorotic and when complete chlorosis is ob- 
tained, the leaves collapse very quickly and dry up. 
Often the collapsed leaves remain attached to the plant 
in the greenhouse; in other cases they abscise. In the 
greenhouse studies, it was found that S. solani caused 
some scattered chlorosis of the leaf but very little when 
compared to the complete chlorosis obtained with A. 
tomato. 

Thus, A. tomato differs distinctly in its reaction on 
tomato from A. solani (12) and S. solani. These latter 
2 show more severe development at 16° than at 28°. 
especially with dilute inocula. The reverse is true for 
A. tomato. With this fungus, complete defoliation is 
assured at any of the 4 temperatures even with very 


TABLE 3.—/ndexes of leaf spotting and defoliation in tomato 
plants inoculated with Alternaria tomato, kept in moist 
chambers at specific temperatures for 48 hours, and 
then in greenhouses at various air temperatures 


Greenhouse air temperature 
Moist chamber in °C 
temperature in °C 16 20 24 28 Average* 


15 days after inoculation 


14 16.0 243 77.3 941.7 52.3 

18 16.0 18.0 81.0 88.0 58.3 

22 yi ey 5.3 80.0 92.3 59.8 

26 38.3 33.3 81.0 96.3 62.2 
Average" 9 | a Or es Sa 


22 days after inoculation 


14 97.7 91.3 94.3 98.7 95.5 

18 98.3 98.3 99.0 94.3 97.5 

22 98.3 98.3 100.0 100.0 99.2 

26 97.3 97.7 96.3 100.0 97.8 
Average 97.9 964 97.4 98.3 


*L.S.D. (19:1) between any 2 averages for 15 days after 
inoculation, 7.5. 


light infection. There is no defense reaction as for 
the other 2 fungi and the effect of temperature js 
merely an effect on the rate of defoliation. This rapid 
defoliation suggests that the fungus produces a metab. 
olite that causes the marked chlorosis and greatly en. 
hances defoliation. 

Effect of air temperature and humidity on spore 
production on infected plants—Since an abundant 
production of spores would be needed for an epidemic 
under field conditions, several experiments were con- 
ducted to determine how temperature and humidity 
affected spore production. Infected plants, which pre- 
viously had been used in the infection and defoliation 
studies, were placed in chambers of 100 per cent rela- 
tive humidity with temperatures of 10°, 14°, 18°, 22°, 
or 26°C. Plants were checked for sporulation at inter- 
vals of 6, 12, 24, 36, and 48 hours. Spores were con- 
sidered mature if they produced germ tubes when cul. 
tured in hanging drop slides. 

Sporulation of S. solani was obtained after 24 hours 
at 14°, 18°, 22°, and 26°. In some cases slight sporula- 
tion was obtained after 12 hours at the higher tem- 
peratures but usually a 24-hour period was necessary 
for abundant production of spores. Spore production 
was never obtained at 10° even after 48 hours. 

With A. tomato, abundant sporulation was produced 
after 12 hours at 14°, 18°, 22°, or 26°. In some cases, 
mature spores were produced at these 4 temperatures 
after 9 hours. However, at 10° spore production usual- 
ly required from 36-48 hours. In general, sporulation 
was more rapid and more profuse with A. tomato than 
with S. solani. 

Effect of air temperature on the production of collar 
rot-—Collar rot is an important aspect of the early 
blight disease of tomato incited by A. solani. Vascu- 
lar infection of leaves is also common with this fun- 
gus. Since very little vascular infection occurred in 
the foliage inoculations with S. solani, and since severe 
vascular infection was noted with A. tomato, studies 
were made to determine the extent of collar rot in- 
cited by these 2 fungi on plants growing in flats where 
soil temperature was approximately 2 degrees lower 
than the air temperature. 

Each of the 3 isolates of S. solani showed a very low 
disease index (Table 4). Most of the few lesions ob- 
tained were very superficial and small. Usually they 
were irregular in shape. ranging from linear to rec- 


laste 4.—Disease indexes of collar rot on tomato plants 
inoculated with Alternaria tomato and Stemphylium 
solani, and kept at various greenhouse air temperatures 


Number Greenhouse air temperature in °C 


Pathogen of trials 16 20 24 28 
S. solani 

Isolate A 5 9.3 6.9 2.6 2.0 

Isolate B 3 5.6 1.4 1.8 3.4 

Isolate C 2 4.7 6.2 6.4 2.8 
4. tomato 3 16.0 13.6 7.0 1.1 
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tangular. In no case was there complete or even par- 
tial girdling of the stem. Affected plants showed no 
aerial symptoms. 

A. tomato gave a higher disease index than did S. 
solani at 16° and at 20°. Lesions from this organism 
were slightly more sunken and penetrated deeper than 
with S. solani. They were scattered and no girdling of 
the stem was observed. The lesions were dark brown 
to black in color in contrast to those of Stemphylium 
which were light tan to brown. 

Thus, A. tomato resembles A. solani somewhat in 
collar rot production at various temperatures but is 
less severe than A. solani. S. solani is markedly dis- 
tinct from the 2 Alternaria species in the almost com- 
plete absence of vascular lesions, whether on stem or 
leaf. 

Discussion.—The presence or absence of the gray 
leaf spot and nailhead spot diseases of tomato in Wis- 
consin has been somewhat of a moot question. Symp- 
toms of these 2 diseases are quite similar to those of 
early blight, which is common in Wisconsin and which 
could easily be confused with them. Furthermore, 
gray leaf spot has become increasingly prevalent and 
severe in other north central states, notably Indiana, 
Ohio, and Illinois. Most of the fields in Wisconsin and 
these other states are set with plants grown in large 
plant beds in Georgia and other southern states where 
the gray leaf spot is common and where the nailhead 
spot disease has wecurred. It could be assumed, 
therefore, that inoculum of these diseases might be 
introduced repeatedly on transplants from those areas. 
Disease surveys in 1952 and 1953 indicated that these 
2 diseases, if present, were not at all prevalent in 
Wisconsin during these 2 years. The absence of A. 
tomato is further indicated by the nonoccurrence of 
fruit symptoms typical of the nailhead disease. 

In the present study, temperature was found to be 
only slightly restrictive on spore germination and my- 
celial growth in pure culture and none of the data 
obtained indicated that temperature would affect 
greatly the distribution of the diseases. Spores of both 
organisms germinated well and rapidly over a tem- 
perature range of 12—32°C. 

Temperature was found to affect the rate and ex- 
tent of infection by both organisms. These experi- 
ments clearly indicated that the restrictive influence 
of temperature on occurrence of the gray leaf spot 
disease is one of reduction of the amount of infection. 
At 10°C only an occasional lesion was produced even 
after 24 hours in the moist chamber. The night tem- 
peratures in Wisconsin, the time when humidity would 
favor spore germination, are undoubtedly low enough 
to suppress infection markedly. The disease could oc- 
cur and be perpetuated with night temperatures near 
14°C but the amount of infection obtained would hard- 
ly allow a build-up of inoculum. Epidemics would 
occur only when moisture conditions favoring spore 
germination exist for periods of 24 hours at not lower 
than 14°C and then only if abundant inoculum were 
present. 
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Temperature also affects the course of symptom 
development of both diseases. With S. solani, a gra- 
dient of severity existed, increasing as temperature 
decreased. With A. tomato, disease development was 
ultimately equally severe at all temperatures. Com- 
plete defoliation is assured even in the presence of 
very light infection and the effect of increased tem- 
perature is simply to quicken this process. The ex- 
treme chlorosis and rapid defoliation which char- 
acterize the nailhead disease suggest that a highly 
toxic metabolite is produced by the fungus in the 
plant. Pound and Stahmann (13) in a limited trial 
failed to demonstrate the presence of a highly active 
metabolite in the culture filtrate of this fungus. Their 
results were confirmed in this study. This need not 
suggest, however, that the production of such a metab- 
olite does not occur on the host plant. 

Sporulation on plants infected with S. solani was 
never evident at 10° even after 48 hours. Slight sporu- 
lation was obtained after 12 hours at 14—26°, but for 
abundant sporulation at these temperatures 100 per 
cent relative humidity was needed for 24 hours. With 
4. tomato, sporulation was obtained after 9 hours at 
14°, 18°, 22°, and 26°, with abundant sporulation after 
12 hours. Spores were produced at 10° only after 
36-48 hours. Thus, the same temperature conditions 
that restrict infection by S. solani also restrict the 
production of inoculum. Temperatures are less re- 
strictive on sporulation by A. tomato and this may ac- 
count for the wider reported distribution of the nail- 
head disease. 

The results of this study show that both diseases 
conceivably might be found to occur under Wisconsin 
conditions. During July and August, temperatures 
would be high enough periodically for infection to 
occur. The low temperatures during May and early 
June would limit markedly infection and sporulation 
in the case of S. solani. Furthermore, conditions favor- 
ing infection and inoculum build-up during the peak 
of the summer would be only periodic. It is thought 
that these restrictive conditions which constantly sup- 
press inoculum probably explain the absence of S. 
solani as an important pathogen in Wisconsin. A. to- 
mato evidently would be able to multiply at a slightly 
lower temperature than S. solani. Temperatures in 
Wisconsin during the summer should be suitable for 
development of this disease once the infection process 
were complete. Many varieties of tomato are resistant 
to nailhead spot and this, more than any other thing, 
no doubt explains why this disease has declined. 

4. tomato, as a pathogen, resembles A. solani in 
numerous respects. With both pathogens, yellowing 
of the leaves is evident although it is much more 
spectacular with A. tomato. The marked yellowing 
produced by A. tomato on greenhouse plants easily dis- 
tinguishes it from A. solani and S. solani. Only very 
slight yellowing of the leaves was noted under green- 
house conditions with S. solani. Vascular infection on 
leaves with A. tomato or A. solani is very severe. One 
difference between the two is that large, coalescing le- 
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sions are produced on the stem of tomato by A. tomato. 
Both pathogens produce a form of collar rot with a 


gradient of severity that increases as soil temperatures 
decrease. However, the collar rot phase is very slight 
with A. tomato and very severe with A. solani. The 
almost complete absence of vascular infection on both 
leaves and stems with S. solani markedly distinguishes 
it from the 2 Alternaria pathogens. Thus, collar rot 


is not a phase of the gray leaf spot disease. 
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The resistance of the barley variety Tifang to net 
blotch, caused by Pyrenophora teres, is conditioned 
by a single gene pair. Resistance is incompletely 
dominant. The symbol Pr is suggested for this 
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TO NET BLOTCH OF BARLEY! 


Schaller 


MARY 


gene. Differences in hair length on the rachis mar- 
gin is also governed by a single gene pair. Inde- 
pendent segregation of the 2-characters was indi- 
cated. 





Net blotch of barley. caused by Pyrenophora teres 
(Died.) Drechsl.. is a common disease in California. 
especially in early-sown fields. In years favorable for 
development of this disease. complete necrosis of the 
leaves may occur by flowering time. resulting in low 
yields and grain of poor quality. Recently. net blotch 
has been reported to be of major importance in other 
barley producing areas, especially in Wisconsin and 
Minnesota. Since the spores are readily disseminated 
by wind, resistant varieties offer the only means of 
control. 


1 Accepted for publication December 1, 1954. 


Seventy-five varieties were found to be highly re- 
sistant to net blotch at Davis, California (4). Whereas 
these represent potential parental material for use in 
a breeding program, a catalogue of the genes responsi- 
ble for their resistance would be of greater utility. 
Such information would permit combining the resis- 
tant germ plasm in a manner to provide the maximum 
protection against existing and future 
races of the pathogen. Coincident with our breeding 
program, investigations were initiated to determine the 


physiologic 


genetics of resistance in some of the better varieties. 
The present paper deals with data from the hybrids 
of Tifang Atlas. 
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In the course of this investigation, information was 
obtained on the mode of inheritance of hair length on 
the margin of the rachis. Associations of readily- 
observed morphological characters with 
would greatly facilitate the production of resistant 
varieties. Data on this character and its association 


resistance 


with resistance to net blotch is presented. 

METHODS AND MATERIALS.—The barley variety, Ti- 
fang, C.I. 4407-1. an introduction from Manchuria, has 
been highly resistant to net blotch at Davis, California, 
both in the field and greenhouse. Atlas, C.I. 4118, is 
completely susceptible and was used as the suscepti- 
ble parent in this study. Segregation was studied in 
the F 5, F. and F. backeross generations of the crosses 
Tifang Atlas and (Tifang Atlas) F, Atlas. 

The inoculum was from a mass transfer of a culture 
from naturally infected plants growing in the field. 
The cultures were grown and perpetuated on potato- 
dextrose agar. Cultures 10 days old were used for 
inoculation and consisted mainly of mycelium with 
limited spore formation. 

The hybrid populations together with the parents 
were grown in greenhouse benches. Thirty seeds were 
sown per row in rows 25 in. long and 5 in. apart. 
Atlas was included at 20-row intervals. Seedlings in 
the 3-leaf stage were sprayed thoroughly with a sus- 
pension of mycelium and conidia in water. The 
benches were then covered with a heavy muslin cloth 
and a relatively high humidity maintained for 36 hours 
by intermittent fogging with a fine spray. No attempt 
was made to control temperatures, except by manual 
manipulation of the greenhouse windows. Tempera- 
F during these tests. Le- 
the read- 


tures varied from 65°—85 
sions appeared 5-6 days after inoculation: 


TABLE 1. 


and (Tifang Atlas) F, Atlas, respectively 


Segregation of the characters listed in the F2, Fs, 


SCHALLER: RESISTANCE TO NET BLOTCH 175 


ings were taken 5-7 days later. Susceptible plants 
developed linear necrotic areas around the infection 
points. With a high level of infection, necrosis of the 
entire leaf resulted from coalescence of individual 
lesions. The typical net-like pattern developed only 
on the older lesions or around the margin of the 
necrotic areas. The resistant plants were free of le- 
sions but occasionally exhibited a small amount of 
flecking. Many of the plants developed restricted le- 
sions considerably smaller than those on the sus- 
ceptible parent. These plants were later shown to be 
heterozygous for the resistance factors. When infection 
was heavy, there was no difficulty in separating the 
intermediate and susceptible types. However, under 
less favorable conditions considerable overlapping of 
these types occurred, making readings on a plant basis 
unsatisfactory. Consequently, the major emphasis was 
placed on F, and backcross F, progeny tests, whereby 
the original readings could be verified by additional 
tests. 

Although the variety Atlas was described by Aberg 
and Wiebe (1) as having short hairs on the margin of 
the rachis, the hairs were approximately 3 times long- 
er than those on Tifang, with an average length of 
225u and 75u for Atlas and Tifang, respectively. This 
difference was readily discernible with a magnification 
of 10. The rachis margin of Tifang appeared to be 
covered with a velvet-like mat whereas the rachis hairs 
of Atlas were longer and individually distinct. The F» 
plants were classified for this character and could be 
separated readily into the parental types with little 
or no overlapping. 

EXPERIMENTAL RESULTS.—The segregation obtained 
in the various generations for net blotch reaction is 


and backcross Fz generations of the crosses Tifang X Atlas 


Numbers 


Generation Character Observed Expected Ratio x P 
Vet Blotch Reaction 
F, (plants) Resistant 239 231.00 3 0.244 
Susceptible 69 77.00 ] 0.731 
Total 308 308.00 0.975 >0.30 
F; (families) Homozygous resistant 21 20.75 ] 0.003 
Segregating 37 41.50 2 0.488 
Homozygous susceptible 25 20.75 l 0.870 
Total 83 83.00 1.361 >0.50 
BCF: (families) Segregating 30 25.00 l 0.810 
Homozygous susceptible 20 25.00 l 0.810 
Total 50 50.00 1.620 >0.20 
Rachis Hairs 
F, (plants) Medium-short 87 86.25 3 0.001 
Short 28 28.75 ] 0.002 
Total 115 115.00 0.003 >0.95 
F./F Rachis Hairs vs. Net Blotch Reaction 
Med. short—hom. resistant 16 13.85 3 0.335 
Med. short—segregating 26 27.70 6 0.104 
Med. short—hom. susceptible 13 13.85 3 0.052 
Short—hom. resistant 1 1.625 l 0.084 
Short—segregating Y 9,25 2 0.007 
Short—hom. susceptible 6 1.625 ] 0.408 
Total 74 74.00 0.990 >0.95 
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given in Table 1. In the F, population there were 239 
resistant to 69 susceptible plants, which is in agree- 
ment with the 3:1 ratio expected for monofactorial 
segregation (x- = 0.98 with 1 d.f., P = >0.30). The 
F, and F, backcross progeny tests confirmed the single 
gene segregation indicated by the Fy, classification. 
Incomplete dominance of resistance was suggested by 
the occurrence of plants having a limited number of 
restricted lesions in the F, population and in the 
segregating progenies, whereas the level of resistance 
in the 21 homozygous resistant F, families was ap- 
proximately equal to that of the resistant parent. 

The F, distribution of plants having medium-short 
vs. short hairs on the rachis margin in a ratio of 87 
medium-short: 28 short agreed with the 3:1 ratio ex- 
pected for a single gene difference (x° 0.003 with 
1 d.f., P = >0.95). Although a slight variation ex- 
isted within each phenotype. the separation of the 2 
types was distinct. An examination of the backcross F, 
plants revealed no consistent difference between the 
homozygous dominant and the heterozygous plants. 
Thus the difference in hair length was dependent on 
the action of a single dominant gene. 

Progenies of 75 F, plants that had been classified in 
respect to rachis-hair length were included in the 
tests for net blotch reaction. The observed and ex- 
pected frequencies (3:1/1:2:1) of the various pheno- 
types are also given in Table 1. The observed distri- 
bution was in close agreement with that expected with 
independent segregation of the 2 characters. (x? = 
0.99 with 3 d.f., P = >0.95). Therefore, no linkage is 
indicated between the genes controlling rachis hair 
length and net blotch resistance. 

Discussion.—Although the genetical analysis of re- 
sistance was based on seedling reaction of plants 
grown in the greenhouse, field tests indicated that the 
same gene conditioned resistance in both the seedling 
and adult stage. Plants heterozygous for the resis- 
tance factor were intermediate in reaction, permitting 
the development of restricted lesions. Limited varia- 
tion in expression of resistance among the resistant F. 
lines suggested the presence of 1 or more modifying 


genes in addition to the 1 major gene. In keeping 
with the recommendations of Robertson, Wiebe, and 
Immer (3), the symbol Pt is suggested for the gene 
conditioning resistance to Pyrenophora teres in the 
variety Tifang. 


The small difference noted between the 2 varieties 
in length of hair occurring on the rachis margin was 
apparent also in respect to the pubescence on the 
glumes. Although the glumes of both parents were 
uniformly covered, segregation for density and dis- 
tribution of the hairs was evident. Because of these 
variations, classification of the F. population with re. 
spect to glume hair-length was not attempted. How- 
ever, it was readily apparent that the length of glume 
hairs was closely associated with that of the rachis 
hairs and possibly was controlled by the same gene, 
No reversals were detected. Aberg and Wiebe (1) 
found complete association of these characters in their 
classification of barley varieties. 

Dasananda (2) concluded that pubescence of the 
rachis was determined by 3 gene pairs, which seemed 
to be associated with those controlling pubescence on 
the glumes. Waddoups (5) observed 1:1, 1:2:1, and 
3:1 F, ratios for long vs. short glume hairs in differ- 
ent crosses. He concluded that as many as 3 genes 
might determine this character. The relationships of 
these genes to the one conditioning rachis hair length 
in the cross Tifang * Atlas were not determined. 
However, Dasananda’s classification was based on the 
presence or absence of hairs rather than hair-length 
and Waddoups’ dealt with differences of greater mag- 
nitude than that of the present study. 
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POLYPORUS HISPIDUS ON SOUTHERN BOTTOMLAND OAKS! 
E. Richard Toole? 


SUMMARY 


Polyporus hispidus causes trunk cankers and 
localized decay in southern bottomland oaks of the 
Erythrobalanus (Red Oak) group. Such cankers 
are here reported on the following species: Quercus 
phellos L., willow oak; Q. nigra L., water oak; Q. 
nuttallii Palmer, Nuttall oak; and Q. falcata var. 
pagodaefolia, cherrybark oak. In the Delta Experi- 
mental Forest, Stoneville, Mississippi, 13 per cent 
of the willow oak and 3 per cent of the Nuttall oak 
trees had 1 or more cankers on their main stems, 


mostly within 16 ft. of the ground. In willow oak, 
cull caused by the cankers equalled 7 per cent 
of the cubic-foot volume of all trees and 18 per 
cent of the board-foot volume of those 16 in. and 
larger in diameter at breast height. Analysis of 55 
cankers revealed that the heart rot exceeded the 
length of the cankers by 2.38 + 1 ft. and that the 
length of cankers and rot increased 0.484 0.02 
ft. a year. Crown class of tree had no significant 
effect on the rate of canker elongation. 





Polyporus hispidus (Bull.) causes decay in several 


hardwood species (4). In oaks, elongated trunk 
cankers are associated with a somewhat localized 


heart rot (5). Detailed descriptions of the nature and 
extent of the cankers and the associated rot in southern 
bottomland hardwoods have not been available. The 
purpose of the present study was to describe the 
canker and rot, to determine the rate of canker elonga- 
tion, and to evaluate the damage to such stands. Some 
of this work already has been reported briefly (6). 

DisTRIBUTION AND HOstTs.—Much of the earlier liter- 
ature on Polyporus hispidus was reviewed by Sleeth 
and Bidwell (5). who described cankers caused by 
P. hispidus on oaks in New England and gave some 
cull figures for their area. They showed that the 
fungus has been reported from France, England, and 
India on apple, plum, apricot, and mulberry fruit 
trees, and on species of ash (Fraxinus). Baxter (1) 
reported the fungus to be epidemic on ash in Michigan, 
but did not find it there on other species. Overholts (4) 
examined specimens of P. hispidus from nearly all 
states east of the Mississippi River and also from 
Missouri, Kansas, Texas, New Mexico, Oregon, and 
California. He lists the following as host genera: 
Carya, Fraxinus, Juglans, Morus, Quercus, Salix, and 
Schinus. 

Trunk cankers associated with Polyporus hispidus 
were first reported by Graves (2) in 1919. In the 
present study observations were limited to tree species 
found in bottomland areas in Tennessee, Mississippi, 
Arkansas, and Texas. The only species found affected 
were willow oak (Quercus phellos L.), Nuttall oak 
(Q. nuttallii Palmer), water oak (Q. nigra L.), and 
cherrybark cak (Q. falcata var. pagodaefolia FEll.). 

THE CANKER AND ROT.—Cankers caused by Poly- 
porus hispidus are characterized by elongated, swollen 


‘Accepted for publication November 15, 1954. 

“Pathologist, Delta Research Center, Southern Forest 
Experiment Station, Forest Service, U. S. Dept. of Agricul- 
ture. The Delta Research Center is maintained at Stone- 
ville, Mississippi, in cooperation with the Mississippi Agri- 
culture Experiment Station and the Southern Hardwood 
Forest Research Group. 


areas on the trunk. The central part of the infected 
region is bark-covered and sunken. The _ swollen 
appearance comes from the folds of callus growth that 
surround the canker. Near the center of all cankers 
the remnant of an old branch scar may be found. On 
young cankers the branch stub itself is present 
frequently (Fig. 1, A). No branch or branch: scar 
larger than 1 in. in diameter was observed in connec- 
tion with cankers in this study. 

On the surface of the cankers the fungus produces 
typical fruiting bodies (Fig. 1, A, B, D) which have 
been described (4) as being large, sessile, spongy, 
hirsute, and colored yellowish brown to rusty red on 
their upper surfaces. In Mississippi the conks are 
produced in the fall and early winter and after a few 
months dry to a rigid black mass and fall from the 
tree. During spring and summer, it is nearly always 
possible to find the shrunken old fruiting body on the 
ground at the base of the cankered tree (Fig. 1, C). 
The fungus has fruited on felled trunks 1 year after 
cutting (Fig. 1, F). 

The cankers often are referred to as “hispidus 
cankers”, and it is suggested that this term be used as 
a common name for them. 

The fungus usually enters through a dead branch 
stub, and, after becoming well established in the 
heartwood, works out through the sapwood to the 
cambium. The callus fold that forms around the 
necrotic area is not attacked immediately, but may 
grow for 3 or 4 or more years before being killed by 
the outward spread of the fungus. The decay is of the 
delignifying white rot type, the wood becoming soft, 
and strawcolored to pale yellow (Fig. 1, E). 

Isolates obtained from fruiting bodies produced on 
the faces of hispidus-type cankers on oak and from the 
rot behind the cankers in all cases were identified as 
Polyporus hispidus*. 

DAMAGE TO FOREST STANDS.—To study the damage 
that Polyporus hispidus causes in bottomland hard- 


3 F. Lombard, Division of Forest Disease Investigations, 
U. S. Forest Service, Beltsville, Maryland, checked many 
of these identifications. 
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TaBLe 1.—Occurrence of cankers caused by Polyporus hispidus on oaks in the Delta Experimental Forest 
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Trees 11-14 in. 


All trees Trees 5-10 in. Trees 15 in. in 
6-24 in. in d.b.h." in d. b. h.* in d. b. h.* d. b. h.* and over 
Trees Trees Trees Trees 

Species per acre Cankered per acre Cankered per acre Cankered per acre Cankered 
number per cent number per cent number per cent number per cent 

Willow oak 14 13 25 9 11 8 8 28 

Nuttall oak 22 3 10 4 10 3 3 0 

Total 66 y) 35 7 21 6 10 22 


“Diameter at breast height. 


wood stands, thirty-two 0.l-acre plots were established 
at random on the Delta Experimental Forest, Stone- 
ville, Mississippi. On these plots all bottomland red 
oaks 6 in. and over in diameter at breast height (d.b.h.) 
were tallied by 2-in. diameter classes and by mer- 
chantable height to the nearest 8 ft. The position and 
The 


trees ranged from 6 to 24 in. and averaged 12 in. d.b.h. 
b a] 


length of each hispidus canker was recorded. 


Thirteen per cent of the willow oak and 3 per cent 
of the Nuttall oak on these plots had hispidus cankers. 
Table 1 shows the distribution of the cankered oaks 
by broad diameter classes. Reconnaissance in bottom- 
Dyersburg, Tennessee; 


Arkansas: 


doches, Texas, showed that the incidence of hispidus 


land hardwood stands 


Vance, Mississippi; Fordyce. 


near 
and Nacog- 
cankers on bottomland oaks in these areas was similar 
to that at Stoneville. 


On the Delta Experimental Forest the total loss per 


acre from hispidus cankers was 4 per cent of the 
cubic volume (Table 2). In the 11— to 15—in. size class. 


the loss was 5 per cent of the board-foot volume, and 
among trees 15 in. and larger it was 13 per cent. In 
some localized areas, the cull ran to 25 per cent of the 
gross volume. 


RATE OF CANKER ENLARGEMENT.—Fifty-five cankered 


TABLE 2.—Loss in volume due to Polyporus hispidus on the 


All trees 
6—24 in. d. b. h.* 


Gross vol. 
Species per acre Cull 
cu. ft. per cent 
Willow oak 192 7 
Nuttall oak 292 i 
Total 784 | 


"Diameter at breast height. 


Fic. 1. 


Cankers caused by Polyporus hispidus. 


trees 6-18 in. in d.b.h. were felled and dissected. Fifty 
of these trees were willow oak and 5 were Nuttall oak. 
There was no indication that the fungus acted differ- 
ently on the 2 species, and therefore they were grouped 
for analysis. The total length of the cankers and the 
total length of visible heart rot were recorded to the 
nearest 42 ft. The age of the cankers was determined 
by counting the growth rings on the surrounding callus 
folds. 

The cankers were all on the boles of the trees, their 
lower limits ranging from 0 to 20 ft. above the ground. 
Ninety-six per cent were wholly or partially within 16 
ft. of the ground. All had originated through or at 
branch stubs 1 in. or less in diameter. 

The length of the heart rot exceeded the length of 
the cankers by an average of 2.38 + 0.993 ft. Plotting 
the length of the cankers against the age of the 
cankers indicated a positive relationship between them 
(Fig. 2). A straight line of the form Y= aX was 
fitted by the method of least squares with squared 
deviations given unit weight. The length of the 
cankers was found to increase 0.484 + 0.02 ft. per year. 

A test was made to determine whether or not the 
straight line was the best fit for data. The 
departure from linearity was not significant. 

To test the effect of tree crown class on length of 


these 


cankers, separate regressions were calculated for 
> Delta Experimental Forest 
Trees 11-14 in. Trees 15 in. in 
in d. b. h.* d. b. h.* and over 
Gross vol. Gross vol. 
per acre Cull per acre Cull 
bd.-ft. per cent bd.-ft. per cent 
150 7 1,104 18 
383 2 $12 0 
833 5 1,516 13 


» 


\) Four-year-old canker on willow oak; note branch stub in center 


and conk above. B) Conk at base of canker on Nuttall oak. C) Canker about 10 ft. from the ground on Nuttall oak. 
Last year’s conk, dried and blackened, lies on the ground at base of the tree. D) Canker and conk on willow oak. E) 
Twelve-year-old canker on Nuttall oak sectioned to show white heart rot behind canker. F) Same canker as in E one 
year after felling: conk has formed on end of log. 
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° ! T This will make more than 4% the tree length defective 
bs ee] and convert the tree into a cull. 

® ia | Sleeth and Bidwell (5) state that the best control of 

e a ‘ hispidus cankers can be obtained by felling affected 
ve mH trees. This practice would not reduce immediately the 
F ee | sources of infection because P. hispidus sporulates 
34 2 1 readily even when the host tree is felled. Hepting 
5 > ‘ and Roth (3) found that the maximum fruiting period 
be — -— for P. hispidus on felled trees was 5 years. However, 
act 2” cankered trees become culls so quickly that a forester 
| seldom is justified in allowing them to occupy valuable 
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T 
AGE OF CANKERS (YEARS) 


Fic. 2. Relation between length and age of hispidus 
cankers on willow oak and Nuttall oak. The cankers in- 
creased in length about 6 in. (0.484 + 0.02 ft.) each year. 
The points represent the average canker lengths for each 


age class; numbers signify the weight accorded to each 
point. 
dominant and co-dominant trees as contrasted with 


intermediate and suppressed trees. Analysis disclosed 
no significant differences between these classes. 
Discuss1on.—The data on rate of canker elongation 
should aid in the estimation of when a given cankered 
tree will become a cull tree. Since the average length 
of rot exceeds canker length by nearly 21% ft., cutting 
1144 ft. above and below the visible canker will, in 
most cases, remove all the rotten heartwood. For 
example, if an oak 18 in. in d. b. h. and with 24 ft. 
of merchantable length has a canker 6 ft. long that 
starts 9 ft. above the ground, it will be necessary to 
cull a section 84% ft. long—about 38 per cent of the 
board-foot volume. Since the cankers increase in 
length about ¥% ft. a year, the canker on this tree, if 
left to grow for 10 years, will be about 11 ft. long and 
the defective section of the tree will be 13% ft. long. 


ji 14 ' te) 


growing space. 

The greater incidence of cankers on oak 
probably is related to the fact that this species does 
not prune itself as readily as does Nuttall oak. The 
possibility of reducing the incidence of cankers through 
early artificial pruning has not been investigated. 


willow 
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PHYTOPATHOLOGICAL NOTES 


Longevity of the Verticillium wilt fungus in the 
laboratory and field. StePpHEN WiLHELM. The ability 
of the wilt pathogen Verticillium albo-atrum Rke. & 
Bert. to persist for long periods in various soils of 
California in fallow or in the presence of immune crops 
is well recognized.1 Once land is infested, the inocu- 
lum potential is a reflection largely of the crop his- 
tory, increasing rapidly in the presence of susceptible 
crops as tomato, potato, and cotton, but not by inde- 
pendent saprophytic growth in the soil.2- During sapro- 
genesis, which takes place during the winter in annual 
hosts, Verticillium forms microsclerotia throughout the 


1 Wilhelm, S. 1950. Vertical distribution of Verticillium 
albo-atrum in soils. Phytopathology 40: 368-376. 

2 Wilhelm, S. 1951. Is Verticillium albo-atrum a soil 
(Abs.) Phytopathology 41: 


invader or a soil inhabitant? 
944-945. 


dead plant tissues of the stem and root. These form 
best during cool (10°-20°C.) but not freezing tem- 
peratures.* The microsclerotia possess exceptional lon- 
gevity and are resistant to adverse conditions such as 
long exposure to drying, even at high temperatures.* 
This is in contrast to the transience of vegetative my- 
celium and conidia. 

When the collection of Verticillium cultures made by 
B. A. Rudolph came into the author’s possession, it 
became evident from records and conversations with 
Rudolph’s associates that all the cultures were at least 


3 Wilhelm, S. 1948. The effect of temperature on the 
taxonomic characters of Verticillium albo-atrum Rke. & Bert. 
(Abs.) Phytopathology 38: 919. 


4Nelson, P. E., and S. Wilhelm. 1953. Thermal death 
range of Verticillium albo-atrum. (Abs.) Phytopathology 


13: 598. 
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13 years old, and that some 16-22 years old were still 
retained in their original tubes. Melted, cooled agar 
was poured over the 13-year old cultures, and 17 of 51 
resumed growth. Five of these proved to be pathogenic 
for Pearson tomato. All the cultures older than 13 
years failed to grow. Thus, some of the cultures sur- 
vived 13 years in the laboratory at room temperature 
whereas others did not. 

A method of rating soils for the intensity of Verti- 
cillium infestation has proved useful in quantitative 
studies® and promises to have value in rating field soils 
for degree of infestation. This method consists in 
planting 10 tomato seedlings in a unit volume of soil, 
such as that contained in an 8-in. clay flower pot, and 
making cultures of vascular tissues of each plant for 
Verticillium after 6-8 weeks of growth. The number of 
plants infected of a 10-plant sample is indicative of the 
intensity of the Verticillium infestation of the soil 
sample. 

Eighteen of 36 samples of a field soil in central 
coastal California that had been planted to grains and 
pasture for 8 consecutive years following 1 planting of 
tomato yielded Verticillium in 1948. The infection in- 
dex of the samples ranged from 0 to 5 and was con- 
sidered to be light, inasmuch as land repeatedly 
planted to tomato usually gives the maximum infec- 
tion index of 10 per sample. 

In 1954, 14 years after the tomato crop, this field 
was again indexed for Verticillium. Only one plant in 
each of 2 out of 36 samples yielded Verticillium. This 
would indicate a considerable reduction in the total 
inoculum potential during the 9th to 14th years. 

Cultures of roots and stems of vetch, wheat, alfalfa, 
barley, in the field and direct examination of roots 
after surface disinfestation and incubation in deep 
dishes under sterile moist sand failed to reveal Verti- 
cillium. This indicates that survival by nonpathogenic 
root invasions in immune plants probably does not play 
an important part in the persistence of Verticillium in 
soil. 

Since Verticillium persisted for 13 years in culture 
during at least 12 of which survival was by means of 
microsclerotia in the dry state, persistence for a simi- 
lar period, 14 years in field soil with no hosts present, 
is thought also to reflect the longevity of the resting 
structure.—Department of Plant Pathology, University 
of California, Berkeley, California. 

Seedling Infection of Oats Septoria 
Steve Lunp anv H. L. Symptoms 

found on mature plants grown from oat 
artificially inoculated with Leptosphaeria 


Caused by 
avenae. SHANDs.! 
not 


kernels 


were 


5 Wilhelm, S. 1951. Effect of various soil amendments on 
the inoculum potential of the Verticillium wilt fungus. 
Phytopathology 41: 684-690. 

1 Formerly Graduate Assistant, the University of Wiscon- 
sin, now Assistant Research Specialist, Rutgers University, 
New Brunswick, N. J. and Professor of Agronomy, Univer- 
sity of Wisconsin, Madison, Wisconsin, respectively, 
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GREENHOUSE TEMPERATURES (DEGREES CENTIGRADE) 
Fic. 1. Average disease indices of 2 tests of seedlings 


grown from Clarion seed infected with Septoria avenae, in 
steamed sand at 2 soil moisture levels and 4 temperatures 
in the greenhouse in 1953. 


avenaria Weber (Septoria avenae Frank). It was noted, 
however, that seedling emergence was reduced. From 
these tests it appeared that all of the damage was 
done before or during germination and that the seed- 
ling was not attacked by the fungus. Simons and 
Murphy? reported similar observations on seedlings 
grown from naturally infected kernels. This hypo- 
thesis was further borne out by the observation that 
visible symptoms did not appear in the field until the 
plants were well beyond the seedling stage. 

With the advent of heavy, natural Septoria infection 
in Wisconsin in 1952, a large amount of naturally 
infected kernels became available for further studies 
on this phase of the disease. 

A test was set up at 4 temperatures and 2 soil 
moisture levels. Eight infected seeds of the susceptible 
variety Clarion were planted in 3 kg of steamed sand 
in 8-in. glazed pots. Six hundred ml of distilled water 
was added to the sand in the high—moisture pots and 
300 ml to the sand in the low—moisture ones. The pots 
were covered with cellophane to reduce evaporation. 
Two replicates of each moisture level were placed in 
each of 4 houses controlled at 16°, 20°, 24°, and 28°C. 
When the seedlings grew to the cellophane, holes were 
punched in it and the growing leaves pulled through. 
The pots were weighed every 2 days and water added 
to compensate for evaporation and transpiration. The 
plants were removed after 1 month and disease read- 
ings made on the basis of the amount of darkening of 
the subcrown internode and coleoptile. An average 
infection reading of all plants in each pot was deter- 
mined, inasmuch as there was variation from no infec- 
tion to severe lesioning. 


This test was repeated with 10 seeds per pot, using 


2 Simons, M. D., and H. C. Murphy. 1952. Kernel blight 
phase of Septoria black stem of oats. U. S. Dept. Agr. PI. 
Dis. Reptr. 36: 448-449. 
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Fic. 2. Seedlings grown fro 
Left: nontreated. Right: treate 


650 ml and 250 ml of water 


moisture levels. respectively | 
similar. 

The data indicated that the 
influenced by both moisture 
High moisture favored disease 
temperatures used. 24°C was fi 
the seedling infection. This 
findings on the optimum tem] 
organism. 


Some of the more heavily 


transplanted to pots filled with 


moved to an 18°C house Ff 


appeared to outgrow the seedlir 
and the mature plants showed no « 


by Septoria. 


3 Weber, G. F. 1922. Sept 


Speckled blotch of oats caused by 


pathology 12: 449-470. 
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ernels of the susceptible variety LaSalle, showing effect of seed treatment. 
P raph by Eugene Herrling. 


for the high and low [solations were made from the seedling lesions and 


rends both tests were tested for pathogenicity. Five of these isolates pro- 


duced typical symptoms on a susceptible variety of 
seedling infection was 08ts- Typical spores of S. avenae were obtained from 
| of these isolates. The other isolates did not sporu- 


late. 


erature (Fig 
development Of the ‘ 

\ test was made to determine the effect of mercury 

be optimum for 


WILT Weber's 


srowth of the 


dust in controlling the infection of seedlings grown 
from infected seeds. One hundred infected seeds of the 
susceptible variety La Salle were treated with Ceresan 
M dust (7.7 per cent \V-(ethylmercuri) -p-toluenesulfo- 


infected seedlings were nanilide) at the approximate rate of 4% oz. per bu. and 
sterilized soil and stored for 1 week. These seed were planted at the 

every case the plants same time as another series of 100 nontreated. infected 
g of the disease seed. The plants were grown in wet sand at 23 C for 


ce of infection 1 weeks. Readings made at this time gave disease 
indices of 42.5 for plants grown from the nontreated 


seed and 13.0 for those grown from the Ceresan M 


; oo ae treated seed. In no case was the lesioning severe on the 
‘ 11S ** . . 
ante Whee, plants grown from treated seed. (Fig. 2)—Wisconsin 


Agricultural Experiment Station, Madison, Wisconsin. 
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REPORT AND ABSTRACTS OF THE 1954-55 WINTER MEETING OF THE 
NORTHEASTERN DIVISION OF THE AMERICAN PHYTOPATHOLOGICAL SOCIETY 


The tenth annual winter meeting of the Northeastern 
Division of the American Phytopathological Society 
was held at West Springfield, Massachusetts on Novem- 
ber 4 and 5, 1954. Approximately 120 people attended. 

Twenty-six scientific papers were presented. An 
interesting evening program consisting of informal 
papers on field comparisons of fungicides for the 
control of fruit and vegetable diseases was arranged 
by D. H. Palmiter. 

It was agreed unanimously that the tour of the New 
York City Produce District and tour of the Port of 
New York, which was postponed last year because of 


the waterfront strike, be again scheduled for this 
spring. About 37 members expressed interest in attend- 
ing one or both of these tours. As before, -E. G. Rex 
was placed in complete charge of all arrangements. 

The invitation of the Eastern States Farmers’ Ex- 
change to use their facilities at West Springfield for 
the next annual meeting was accepted, with November 
3 and 4, 1955 as the tentative dates. 

Officers elected for 1955 were: President, A. B. 
Burrell; Vice-President, A. C. Tarjan; Secretary- 
Treasurer, B. H. Davis; Councilor, E. G. Rex. 

A. C. Tarjan, Secretary-Treasurer 


ABSTRACTS OF PAPERS PRESENTED AT THE MEETING 


Field tests with streptomycin nitrate for control of bac- 
terial leaf spot of pepper.—ALTMAN, Jack, AND B. H. Davis. 

Streptomycin nitrate (200 ppm, free base) plus Triton 
B-1956 (2 oz./100 gal.) as a wetting agent was applied in 
1954 to 2 pepper fields with commercial equipment for the 
control of bacterial leaf spot by Xanthomonas 
vesicatoria. Leaves of the same age at or near the uppermost 
open blossoms were removed and grouped according to 
disease severity as follows: healthy, no lesions; trace, 1-5 
lesions; medium, 6-20 lesions; and severe, over 20 lesions. 


caused 


Data are expressed in terms of the percentage of leaves in 
each disease group. The data taken September 24 on sprayed 
and unsprayed plants from 1 block which received 1 appli- 
cation on August 27 showed the following for healthy, and 
trace, medium, and severe infection: sprayed, 47, 35, 12 and 
6 per cent; unsprayed, 9, 24, 29 and 38 per cent. Data 
from another block which received 1 application on August 
27 and a second application on September 10 showed the 
following: sprayed, 48, 29, 17 and 6 per cent; unsprayed, 20, 
31, 30 and 19 per cent. In another locality, a field receiving 
1 application on September 13 with data taken on October 
6 showed: sprayed, 32, 40, 26 and 2 per cent; unsprayed, 
3, 21, 45 and 31 per cent. The data indicate that 1 spray 
with Streptomycin nitrate (200 ppm, free base) significantly 
reduced the number of lesions. No injury from the spray 
was noted, 


Evidence of damage to strawberry by ectoparasitic nemat- 
odes.—Braun, Atvin J.—Root lesions resembling feeding 
scars of ectoparasitic nematodes have been found to be 
associated with root rot and decline in many commercial 
plantings of strawberry in New York State. Various species 
of nematodes are abundant in the soil of the root zone of 
plants showing moderate to severe root damage. Nematodes 
are considerably less numerous or absent in areas where 
the symptoms are not found. In plots fumigated with 
Dowfume W-85 (1,2-dibromoethane) at rates of 4.5 and 
9.0 gal./acre prior to planting, runner plant production was 
increased 4.8 and 27.3 per cent, respectively, and yields 
were increased 24.0 and 36.9 per cent. A beneficial response 
from soil fumigation is evident in at least 2 of the 7 plots 
established in various locations in the spring of 1954. The 
planting stock used in the field experiments to date has 
not been nematode-free. The beneficial effects of the 


fumigation is believed to be the result of substantially de- 
creasing the population of nematodes injurious to roots of 
strawberry plants. 


The performance of virus-free strawberry in New York 
State-—Braun, Atvin J.—Virus-free strawberry plants of 
the Catskill, Premier, and Sparkle varieties were superior 
to non-virus-free plants of the same varieties in a repli- 
cated experiment in the Hudson Valley. The non—virus—free 
plants were commercial stock from nurseries supplying 
plants to growers of this area. The presence of type 2 
strawberry virus in this stock was demonstrated by indexing 
to Fragaria vesca. It was suspected, but not clearly 
demonstrated, that type 1 was also present. In the field, 
the non—virus—free plants were uniformly affected, although 
the Catskill variety showed less severe effects than the 
Sparkle and Premier varieties. The virus-free stock was 
considerably more vigorous and produced more runner 
plants. Virus-free plants of the Catskill, Premier, and 
Sparkle varieties yielded 6359, 7378, and 5764 quarts per 
acre, respectively, as compared with 4763, 649, and 604 
quarts per acre, respectively, for the non—virus-free plants. 
In commercial plantings, non—virus—free stock varied from 
extremely poor to good depending upon the location of the 
planting and the source of plants. Where a comparison 
could be made between virus-free and ordinary commercial 
stock of the same variety, the superiority of the virus-free 
stock was evident in each case. 


Investigations of toxins produced in vitro by the maple 
wilt fungus Verticillium sp—CaroseL_i1, Nestor E.—At 
least 2 toxic metabolites have been found to be produced 
by various isolates of Verticillium sp. when grown on 
various nutrient media. Both still- and shake—cultures that 
were toxic to tomato cuttings produced a polysaccharide and 
a fraction giving a positive test for thiourea. The polysac- 
charide produced in all filtrates of virulent cultures caused 
stem flaccidity of test plants and only slight leaf injury, 
whereas the thiourea fraction, noted in only 40 per cent of 
the test flasks, caused some stem flaccidity but severe leaf 
injury. Leaf injury produced by thiourea and evident as 
wilting, chlorosis, and drying of the margins was permanent. 
Stem flaccidity was permanent only in test plants subjected 
to solutions containing the polysaccharide at concentrations 
of more than 1 mg/ml. Where both fractions were present 
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in the filtrates, 80-90 per cent leaf wilt and stem flaccidity 
were observed. Filtrates containing only the polysaccharide 
fraction became inactivated when the carbohydrate was 
precipitated by the addition of an excess of 95 per cent 
ethyl alcohol. The polysaccharide, ascertained by a positive 
reaction to anthrone and Somogyi’s reagent, induced only 
slight vascular discoloration. The toxic filtrate was found 
to be thermostable, gave negative reactions to urea and 
protein tests, and inhibited liquid uptake in young tomato 
plants. 


The relation of soil-water content and that of sapwood 
water to the incidence of maple wilt caused by Verticillium 
sp.—CaroseELui, Nestor E.—Well established 2-year old 
maple seedlings were grown in pots under controlled but 
varied soil—-water conditions prior to and following inocula- 
tion with a virulent isolate (V-10) of Verticillium sp. Trees 
were grown in pots having a soil—moisture content of 33-35, 
39-40, 59-60, and 79-80 per cent, respectively. Both the 
number of wilted trees and the extensiveness of vascular 
discoloration increased with a decrease of soil—moisture. 
Periodic determinations of sap—wood water of large, well 
established, field maple trees before and after spore—-suspen- 
sion inoculation with Verticillium sp. (V-—10 isolate) 
showed that wilt symptoms and extensiveness of sapwood 
discoloration increased with a decrease in the water content 
of the sapwood and vice versa. The mean water content, 
expressed as percentage of oven dry weight, varied in the 
test trees from 40-59 per cent. The average water content 
of discolored wood was found to be lower than that of the 
nondiscolored wood taken from the same diseased tree. 


Antifermentative chemicals for use in oatmeal cultures of 
Panagrellus redivivus (Nematoda).—Curo, PEN CHING, AND 
A. C. Taryan.—Panagrellus redivivus has been reported to 
be a suitable test organism for nematocide investigations 
when cultured in an oatmeal substrate. Activity of ferment- 
ative organisms, however, often prevents nematode multi- 
plication. In attempts to minimize fermentation, 21 chem 


icals, at various concentrations, were incorporated into 10 
per cent cooked oatmeal infested with the sour paste 
nematode, Panagrellus redivivus. Of these chemicals, 5 


without 
were: 


medium 
These 


acid at 


successfully checked fermentation of the 
apparent harmful effects to the nematodes. 
oxyquinoline benzoate at 10-50 ppm, 
5-10 ppm, zinc oxide at 250-500 ppm, sodium benzoate at 
250-500 ppm, and Amberlite IR-120 at 20,000—-40,000 ppm. 
Amberlite IR-120, a granular cation exchange resin, was 
superior to the others in pe rformance. It is water-insoluble, 
thermostable, and not affected by pH. No injurious effects 
resulted to nematodes when Amberlite was used in con- 
centrations as high as 80,000 ppm. Nematodes from IR-120- 
treated cultures were indistinguishable from 
obtained from nontreated cultures on the basis of suscepti- 
bility to various nematocides. 


iodoae etic 


nematodes 


root diffusates of 
golden nematode, 
Ferris, J. M., AND 
Solanum 


The stimulation of larval emigration by 
several host and nonhost plants of the 
Heterodera rostochiensis Wollenweber. 
W. F. Mar.—Corn and 
tested to determine the potency of their root diffusates in 
stimulating the emigration of larvae from the cysts of the 
golden nematode. Seeds of these were started in 
vermiculite and the seedlings transplanted to 4-in. pots. 
When roots began to appear on the outside of the soil ball, 
they were leached at intervals over a period of 4 weeks. 
Once each week, 100 ml of percolate was collected from 
each plant. Leachings from 4 plants of each species were 
combined and a total of 30 ml of this mixture added to 4 
Petri dishes each containing 0.1 g cyst material. At the 
end of 3 weeks, the larvae that had hatched were counted. 
The root diffusate of Solanum tuberosum produced an 
average larval hatch of 693, of S. dulcamara 719, of S. 


several species ot were 


plants 


xantii 294, of S. citrullifolium 574, and of corn 67. The 
stimulating effect of the root diffusate of S. citrullifolium, a 
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nonhost, is comparable to that of S. tuberosum, the best 
host of the golden nematode. Of the other plants tested, 
S. xantii is the poorest host, S. dulcamara intermediate, and 
corn another nonhost. This indicates that the potency of 
root diffusate is not necessarily correlated with suscepti- 
bility. 


Association of internal brown spot of potato tubers with 
hot dry weather.—FriepMAN, B. A.—Internal brown spot 
was prevalent in Long Island- and New Jersey-grown potato 
tubers during the growing seasons of 1948, 1949, and 1953 
and was absent or uncommon during those of 1950, 1951, 
and 1952. One or more periods of high temperature 
occurred during 1948, 1949, 1952, and 1953. The prevalence 
of internal brown spot in 1948, 1949, and 1953 was associ- 
ated with the occurrence of a heat wave followed by only a 
little rainfall. In contrast, the heat wave of 1952 was 
followed by considerable rainfall. In 1950, there was no 
pronounced hot weather and rainfall was about normal, 
While rainfall in 1951 was much below normal, no heat 


waves occurred. In summary, during the 6-year period 
from 1948 to 1953 internal brown spot of potatoes was 


prevalent only when hot dry weather occurred. 


Relationship of anthocyanosis in X-diseased prunus 
species to the carbohydrate content of leaves—Gutnmer, R. 
M.—Initial studies carried on in 1952-53 indicated that 
production of anthocyanosis in X-diseased chokecherry trees 
(Prunus virginiana) was related to the accumulation of 
carbohydrates in the leaves. Additional trials with 4 Prunus 
clones in 1954 supplied confirmatory data. Grafted trees 
of 4 Prunus species known to exhibit diverse symptoms 
when infected with X-disease were inoculated with 2 
sources of X-disease virus in late 1953. Samples, ranging 
from 5 to 10 mg (dry weight) of leaf tissue were taken at 
weekly intervals for 13 weeks after budbreak in late 
January, 1954. In all 4 species, the infected trees showed 
a marked increase in the amount of foliar carbohydrates, 


beginning approximately 8 weeks after budbreak. Non- 
infected controls of the same clones showed no marked 


increase in foliar carbohydrate content. Total carbohydrate 
accumulation was greatest in infected chokecherry that 
ultimately expressed anthocyanosis, somewhat less in P. 
sieboldi in which the symptoms of X-disease did not include 
anthocyanosis, and Jeast in 2 symptomless carriers of the 
virus, P. americana and P. domestica var. Ackerman. The 
data support the hypothesis that presence or absence of 
anthocyanosis in various Prunus species is related to foliar 
carbohydrate accumulation. 


Lettuce root rot in New York State-—HANNON, CHANCEL- 
Lor I.—A disease similar to lettuce stunt, reported 30 years 
ago and not subsequently, has caused 5-40 per cent losses 
the last several seasons in many lettuce crops grown on 
muck in New York. The variety Imperial 456 is highly 
susceptible. Dull leaf color, chloronemia, wilted frame 
leaves, and overall stunting of plants are early indications 
of disease. The vascular system of roots of such plants 
exhibit a brown discoloration. Later the tissues of the 
root vascular system deteriorate. The exterior surfaces of 
the roots often are discolored and deeply fissured. Second- 
ary root growth is poor. Plants surviving to maturity often 
produce inferior heads. Pythium spp. are recovered in 
pure culture only in the earliest stages of disease. Later 
Fusarium spp. and Cephalosporium spp. can be isolated in 
that sequence from rotted roots. Several of the Pythium 
isolates have caused slight stunting of inoculated lettuce 
plants. No infection has been obtained with Fusarium and 
Cephalosporium isolates. The disease in the field seems to 
be favored by low temperature and high soil moisture, 
conditions common to muck areas in spring. Crops planted 
in late June and July, although diseased, have fewer losses 
than spring plantings. Apparent field immunity exists in 
several varieties of romaine and cos type lettuce. 
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Elimination of a virus from sweet potato—HoLMEs, 
Francis O.—A clone of Bunch Porto Rico sweet potato, the 
foliage of which showed the type of chlorotic lesions com- 
monly associated with sweet-potato internal-cork disease, 
was transformed into a healthy stock of plants. This was 
done by grafting small tip cuttings, as scions, onto healthy 
seedlings of Giant White moonflower (Calonyction aculea- 
tum) and Heavenly Blue morning glory (/pomoea tricolor). 
When the scions had grown to a length of 6-18 in., each of 
those that appeared free from foliage abnormalities was 
used to produce a series of larger cuttings. These larger 
cuttings were then rooted and established as independent 
subclones. Five of 8 subclones remained free from all 
detectable manifestations of the disease during an entire 
year of further growth. It seems probable that virus had 
not invaded some of the young tissues in the stem apices 
used as scions, although the original sweet potato plants 
had been systemically infected. 


Field and culture tests of antibiotics against Graphium 
ulmi.—Ho.imes, F. W.—Reported inhibition of cultures of 
Graphium ulmi by commercial antibiotics prompted study 
of effects of some of these compounds on wilt fungi in trees 
and in cultures. In trees, chisel cuts were made under the 
surface of antibiotic solutions held in paraffined paper 
funnel reservoirs fitted around trunks. A suspension of 
G. ulmi was introduced directly into other chisel cuts 5 
days after antibiotic treatment was initiated. Phytotoxic 
symptoms, where present, were distributed throughout the 
whole foliage. None of the 22 antibiotics tested prevented 
young elms from showing typical symptoms of Dutch elm 
disease within the same time as trees inoculated with G. 
ulmi alone. When applied to holes in potato dextrose agar 
suspension cultures, 8 antibiotics inhibited neither G. ulmi 
nor Verticillium sp. isolated from elm, 6 (candicidin A, 
patulin, pleocidin, polymyxin B sulfate, streptothricin hydro- 
chloride Merck #52R4009, and thiolutin) inhibited both, 
2 (chlorotetracycline and Amphomycin #A_ 6786-23-108) 
inhibited only G. ulmi, and 1 (cycloheximide) inhibited 
only Verticillium sp. The effects of 2 buffer solutions sim- 
ilarly applied, with pH values from 2.15—9.0, suggested that 
the acidity of antibiotics in solution was not solely re- 
sponsible for the inhibitions. Cycloheximide may prove 
useful in controlling mold contamination, where isolations 
of G. ulmi are made in quantity under crowded working 
conditions. 


Studies on the cause and control of pea root rot in New 
Hampshire.—Kinestanp, G. C., anp A. E. Ricu.—Pea root 
rot is a serious problem in New Hampshire. Attempts were 
made to determine its cause and a practical method of 
control. A Fusarium organism, later identified as F. solani, 
was isolated from affected roots. Peas grown in sterilized 
soil infested with this organism developed root rot, thus 
establishing pathogenicity. Nine soil fungicides were tested 
in naturally infested soil, but only Stauffer N-869 (sodium 
methyldithiocarbamate) increased the yield significantly 
in comparison with the check which became severely 
infected. Fourteen varieties were compared for disease 
resistance. New Era and Green Bayou remained green 
longest, and New Era outyielded all other varieties. Varieties 
known as wilt-resistant were not resistant to this disease, 
and Delwiche Commando, a near-wilt-resistant variety, was 
very susceptible. 


Apothecial production in Sclerotinia trifoliorum Erik. 
Lang, Susan A., AND THOMAS Sproston.—Single ascospore 
isolates were obtained from apothecia of Sclerotinia tri- 
foliorum Erik. These cultures later produced more 
apothecia, indicating self-fertilization. The media upon 
which fundaments (apothecial initials) were most readily 
formed, were 20 per cent wheat agar, 20 per cent barley 
agar, and P.D.A. Fundaments were formed in the absence 
or presence of light and between the temperatures 15°C 
and 20°C. When agar blocks supporting mycelia or sclerotia 
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were used as inoculum for plates and tubes, the minimum 
incubation period required for fundament production was 
4 weeks. Light, either daylight or artificial, is necessary 
for the maturation of the fundaments, the minimum 
exposure being 9 days in continuous light and 17 days in 
11 hours per day of artificial light. Flourescent lights with 
daylight and white light tubes were adequate for apothecial 
maturation. Plates incubated on a window with a northern 
exposure required at least 2 weeks for formation of 
ascospores from apothecial initials grown in the dark. A 
certain quantity of light seems necessary for ascospore 
production. 


Vechanical transmission of California celery-yellows virus 
to aster leafhoppers——MARAMOROSCH, Karit.—An attempt 
was made to determine whether or not the California 
celery-yellows virus (Chlorogenus callistephi var. californicus 
Holmes) can be transmitted mechanically to the aster 
leafhopper, Macrosteles fascifrons Stal, The needle-inocu- 
lation technique, used routinely since Black’s successful 
transmission tests in 1940 with Eastern aster-yellows virus, 
was employed in the present experiment. Aster leafhoppers 
from virus-free stock were maintained for 4 weeks on 
celery or aster plants infected with California celery 
yellows, then comminuted at 0°C with neurtal buffered 
0.25 M saline and centrifuged at 3200 rpm for 10 minutes. 
The supernatant fluid was injected into 35 virus-free M. 
fascifrons. The inoculated insects and 35 control leaf- 
hoppers from the same stock were transferred individually 
to young aster plants each week for a period of 7 weeks. 
Of 17 inoculated insects surviving more than 14 days, 6 
transmitted the celery-yellows virus. Noninoculated con- 
trols proved virus-free. The test showed that the California 
strain can be transmitted mechanically to leafhoppers as 
readily as can the Eastern aster-yellows virus. 


Iron (ferric) sulfate as a preventative of arsenical injury. 

Mitcue i, A. E., W. A. CHANDLER, AND J. N. Hocsetr.— 
Under conditions that bring about arsenical injury to apple 
foliage, the injury is sometimes more severe following the 
application of the combination of lead arsenate with glyodin 
(CRAG Fruit Fungicide 341). This is true particularly 
where the combination is applied to arsenic—sensitive varie- 
ties such as Cortland and Greening; or to nonvigorous trees 
suffering from deficiencies of major or minor elements, from 
winter injury, from mouse girdling, or from drought. 
Chemical studies show that glyodin may react with arsenic 
acid to produce 2-heptadecyl-2-imidazoline arsenate. In field 
tests, 2-heptadecyl-2-imidazoline arsenate was strongly 
phytotoxic to apple foliage at concentrations that could be 
expected to be encountered when field doses of glyodin and 
lead arsenate were combined. Field tests in many areas 
over a period of years have shown that hydrated lime is at 
most a temporary safening agent for lead arsenate. In 1954 
field tests in New York, Pennsylvania, Michigan and Wis- 
consin, the addition of 1% oz. to 1% Ib. of iron (ferric) 
sulfate to the combination of glyodin and lead arsenate 
greatly reduced or completely prevented arsenical foliage 
injury to bearing McIntosh, Stayman, Red Delicious, Jona- 
than, Fameuse, Hyslop Crab, Ben Davis, Rhode Island 
Greening, Stark, Steele’s Red, Wagener, and Northern Spy 
trees, 


Differences in reaction of starch from healthy potato 
plants and from potato plants infected with leafroll virus.— 
Natti, Joun J.—Starch grains from tubers, sprouts, and 
leaves of healthy potato plants were observed to swell more 
rapidly in strong acid than did starch grains from similar 
tissues of potato plants chronically infected with leafroll 
virus. Starch grains from healthy tubers after treatment 
with iodine-sodium hydroxide solution and suspension in 
sulfuric acid developed blue color more rapidly than did 
similarly treated starch grains from infected tubers. 
Although differences in reaction of starch from healthy and 
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were significant, the probability of de- 
method for detecting 


range of reactions of 


infected tubers 
veloping a dependable 
infected tubers is limited because the 
healthy and infected tubers overlapped to some extent. 


diagnostic 


Epidermal strips taken from healthy leaves and treated 
in acetate buffers (pH 6.5 to 7.0) had 76 per cent of the 
stomates open and the guard cells were generally devoid of 
starch. Under identical conditions, 48 per cent of the 
stomates in epidermal strips from infected leaves were 
open and starch was present in all guard cells. Observations 


provide evidence that a structural modification of starch in 
infected plants interferes with normal enzymatic conversion 
of starch to sugar and contributes to the abnormal accumu 


lation of starch characteristic of leaf: virus infection 
Transmission of the causal agent of apple green mottle 

Patmiter, D. H., anp K. G. Parker.—Green mottle has 

been found on the Duchess variety in 3 New York counties 


since it was first reported by W. D Mills in 1938. A flee ted 
fruit have little value because of the discolored rings that 
cover the surface. In 1950, small he Duchess 

were grafted with scions from orchard trees showing green 
mottle and were planted in an Pough 


ilthy trees 


isola ion plot at 


keepsie. The few apples produced in 1952 were free from 
green mottle symptoms. The first diseased fruit appeared 
on 2 trees in June 1953 and symptoms reoccurred on the 
same trees in 1954 on both scion branches and stock. Trees 
grafted in 1952 with diseased scions produced fruit in 1953 


and 1954 but showed no [Trees that were 
grafted with healthy scions in 1950 have borne only normal 
fruit as have several nongrafted trees. The results of this 


grafting experiment indicate that geren mottle probably is 


symptoms 


a virus disease and that several years may elapse before 
fruit symptoms appear. This conclusion is supported by 
the slow progress of the disease within each tree and the 
slow spread from tree to tree in commercial orchards. 


A source of resistance to tomato late blight.—Ricn, A. | 

AND M. C. RicHaArps.—Several hundred native and foreign 
tomato accessions have been screened for resistance to late 
blight (caused by Phytophthora infestans) at Durham, New 
Hampshire during the past few years. Tomato plants were 
grown in flats in the greenhouse and artificially inoculated 
with P. infestans grown on lima bean agar. The plants 
were incubated in a moist chamber for 4 days at 65°F 


Tomato plants that developed anv lesions regardless of 
size were considered to be susceptible The strain of P. 
infestans used in most of the tests has been identified as 
tomato race 1 and potato race 4. Apparently it is the 
strain that appears most frequently on tomato in New 
Hampshire. A cherry tomato (Rockefeller Foundation 


Selection X907W), identified as Lycopersicum esculentum 
var. cerasifolium, was highly resistant to P. infestans. It was 
crossed and backcrossed onto standard varieties to increase 
fruit size. Testing of these crosses indicated that X907W 
bl resistance. Four 


possesses a dominant gene for late blight 
selections have been made that have good fruit size, 
earliness, and other desirable horticultural characteristics. 
Their foliage is highly resistant to tomato race 1 of P. 
infestans and to the common field strains of the organism. 


Fruits are occasionally infected under severe epiphytoti 
conditions. 
The role of chlorophyll in obligate parasitism.—Sayep, 


G. S., C. W. BootHroyp anp H. L. Everett Workers have 
emphasized the essentiality of the presence of chlorophyll 
They 


for development of obligate parasitic fungi in plants. 


have reported that aeciospores of Puccinia sorghi gave no 
infection on 
sterile agar cultures using Hoagland’s 1 


seedlings grown in 


trient solution plus 


inoculated albino corn 





Vol. 45 


2 per cent dextrose.. On the other hand, virescent and green 
corn seedlings of the same stock grown on the same medium 
showed weak and heavy infection, respectively. Similarly, 
when variegated plants of Geranium maculatum were inocu- 
lated with teliospores of Puccinia polygoni-amphibii, infec- 
tion always was confined to the green areas of the leaves, 
indicating that the infection factor was not diffusing from 
the green areas to the chlorophyll deficient parts. The 
present authors inoculated albino dent and corn 
seedlings devoid of chloroplast pigments with uredospores 
of Puccinia sorghi. The seedlings were supplied 0.3M 
sucrose solution through their leaf tips while the roots were 
supplied with Hoagland’s nutrient solution in sand culture. 
These albino seedlings became severely infected with corn 
rust, and characteristic uredosori in great numbers were 
produced in the infected leaves. This suggests that obligate 
of chlorophyll and that the 
associated 


sweet 


parasitism is independent 
infection factor or 


with the amount of chlorophyll present. 


factors are not necessarily 


Chemotherapy of turf brown patch.—Suurtverr, M. C.— 
Four grasses (Astoria Colonial bent, Seaside creeping bent, 
Kentucky bluegrass, Creeping red fescue) were grown in 
soil in quadrants within the same 4-in. pot. Fifty ml of 
each of 38 chemical solutions were poured on each of 10 
consecutive days on the soil surface of 4 replicated pots, 
starting when seedlings were 0.5-0.75 in. tall. The day 
following the final treatment, the foliage was sprayed with 
10 ml of an 8-day-old, ground, mycelial suspension of 
Rhizoctonia solani. Pots were incubated in a saturated 
75-85°F atmosphere for 48 hours and disease readings were 
made 2 days later. Dichlone and 8-hydroxyquinoline sul- 
phate gave better than 95 per cent control compared with 
Thiram and endomycin provided 90-95 per 
cent control; captan, 8-hydroxyquinoline benzoate and 
cupric maleic hydrazide (CuMH) 75-90 per cent; and 
manganous maleic hydrazide 50 per cent. Twenty-one other 
chemicals reduced disease symptoms. The soil of five 2-in. 
Colonial-bent plugs was soaked in solutions of thiram, both 
8-hydroxyquinolines, dichlone, mercury chlorides, CuMH 
and water. Results of inoculations 0, 2.5, 5, 10, 20, and 40 
days after treatment indicated that effectiveness decreased 
with time. Thiram and CuMH inhibited brown patch 50 
per cent 20 days after treatment. 


water checks. 


Preinoculation and postinoculation application of fungi- 
cides for stem rust of Merion bluegrass ——SuHurt err, M. C. 

In 1953, Merion bluegrass was severely attacked by the 
stem rust fungus (Puccinia graminis) in the United States. 
In greenhouse tests, 50 seed-lots of Merion, 16 of Kentucky, 
ind | of Delta bluegrass were found susceptible to rust col- 
lections from 6 states. Thirty fungicides were sprayed on 
l-month-old Merion seedlings, in replicated pots, both 48 
hours before or after inoculation. Counts of uredia on 20 
random primary leaves per treatment were compared with 
those of water-sprayed checks which averaged 40—90 pustules 
per leaf. Dichlone maneb, zineb, Acti-dione-Errated (cyclo- 
heximide and ferrous sulphate), and EMTS Turf Fungicide 
(N-(ethylmercuri-p-toluenesulfonanilide) gave 97-100 per 
cent control (reduction of uredia compared to the checks) 
as preinoculation sprays. Acti-dione-F, maneb, and EMTS 
were effective in postinoculation applications 79, 71, 67 per 
cent respectively. Dichlone, although 91 per cent effective 
at 32 hours postinoculation, was only 12 per cent effective at 
18 hours. Calcium sulfamate gave 94 per cent control when 
applied both before and after inoculation, but caused severe 
injury. Three proprietary compounds gave 97-100 per cent 
control for both treatments and 1 was still 67 per cent 
effective when applied 120 hours postinoculation, 














CULTURE MEDIA FOR FUNGI 


This group of Dehydrated Culture Media, Difco, is prepared 
expressly for propagation of the fungi most frequently encountered 
in phytopathological studies. Each medium is readily prepared 
for use and requires no adjustment of its reaction or filtration of 
the solution. 


Bacto-Bean Pod Agar 
Bacto-Corn Meal Agar 
Bacto-Lima Bean Agar 
Bacto-Malt Agar 
Bacto-Potato Dextrose Agar 
Bacto-Prune Agar 
Bacto-W ort Agar 
Bacto-Malt Extract Broth 


INGREDIENTS FOR CULTURE MEDIA 


Each of these Culture Media Ingredients, Difco, is standardized 
to meet the highest requirements of suitability and usefulness for 
the purpose for which it is to be employed. 

Bacto-Peptone 
Bacto-Tryptone 
Proteose Peptone 
Bacto-Beef Extract 
Bacto-Yeast Extract 


The DIFCO MANUAL, containing discussions of our extensive 
line of Dehydrated Culture Media and Ingredients of Culture 
Media, is available upon request. 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Dehydrated Culture Media and Microbiological Reagents 
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DETROIT 1, MICHIGAN 























NEWS 


Phytopathologist, Richard P. Porter, was recently elected 
to the office of Vice-President by the Board of Directors of 
Larvacide Products, Inc. 
will be responsible for the sales of soil fumigants and 


In his new capacity, Mr. Porter 


horticultural specialties presently handled by the Company, 


as well as for the development and addition of new 


products to the Company’s line. 


Out-of-print Phytopathological Classics 1 and 2 will be 


reprinted at the expense of the Society. At the last annual 
meeting the Council recommended and the Society approved 
the policy that a supply of all Classics will be available for 


sale at all times. 


Hem- 


isphere on such epidemic diseases as the cereal rusts, late 


Closer international cooperation in the Western 


blight of potatoes, and others will be discussed at the 
Third Latin-American Congress of Plant Geneticists, Plant 
Pathologists, Entomologists, and Soil Scientists, to be held 
Stakman, of 


the Society Committee on International Cooperation is a 


in Colombia in June, 1955, Chairman, E. C. 
member of the organization committee of the Latin-American 
Congress. 


Some changes in the administrative structure of the De- 
partment of Plant Pathology, University of California, were 
reported last July by our California correspondent but the 
item was inadvertently misplaced by your Editor and never 


appeared in “NEWS.” On July 1, 1954, Dr. M. W. Gardner 
retired from his administrative duties as Chairman of the 
University of California, Departments of Plant Pathology, 
Dr. J. B. Kendrick, Sr., 
Vice-Chairman was appointed Chairman of the combined 
Dr. John W. 
Oswald was appointed Vice-Chairman and transferred to 
Berkeley. Dr. Plant 
Pathology on the Berkeley campus. 


Berkeley and Davis. formerly 


Departments with headquarters at Davis. 


Gardner continues as Professor of 


The Society has appointed E, C. Stakman an official repre- 
sentative to the International Arid Lands Meetings to be 
held April 26 to May 4 at Albuquerque and Socorro, New 
Mexico. The UNESCO Advisory Committee on Arid Zone 
Research officially sponsors some meetings and conferences 
on arid land problems; in years when it does not formally 
promote such meetings, it encourages the development of 
sessions under other agencies. The A.A.A.S. will sponsor 
the meetings in 1955. 

Deaths: Thomas Franklin Manns, Emeritus Professor of 
Plant 


Delaware, died December 22, 


Bacteriologist, University of 
1954 at the age of 78. Dr. 
Experiment 


Pathology and _ Soil 


Manns was associated with the Delaware 
Station for 35 years before his retirement and conducted 
research on a variety of subjects including diseases of flax, 


cereals, potatoes, fruits, and truck crops. 


Editor: K. W. Kretrtow, Plant Industry Station, Beltsville, Md. 
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